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 ABSTRACT 
 
 
 The broad spectrum insecticide, acephate, neonicotinoid insecticides, 
acetamiprid, thiamethoxam, and imidacloprid, and other insecticides, λ–
cyhalothrin, emamectin benzoate, indoxacarb, and spinosad were evaluated for 
their effects on the cotton aphid, Aphis gossypii, its entmopathogenic fungus 
(Neozygites fresenii), aphid parasitoids, lacewings, and coccinellids.  Numbers of 
cotton aphids were significantly higher in plots treated with broad-spectrum 
insecticide than in untreated plots.  Also, levels of both fungus-infected aphids 
and parasitized aphids were significantly higher in plots treated with broad-
spectrum insecticide than in untreated plots.  Numbers of lacewings and 
coccinellids were not significantly different between insecticide treated and 
untreated plots.  Levels of fungus-infected aphids were lower in acetamiprid- 
treated plots than in other treatments.  Aphid population levels were lower in 
acetamiprid and thiamethoxam treated plots than in dicrotophos and untreated 
plots.  Numbers of cotton aphids in neonicotinoid plots were lower than in 
untreated plots for both dryland and irrigation fields.  However, levels of fungus-
infected aphids in neonicotinoid plots were lower than in untreated plots.  
Numbers of cotton aphids in λ–cyhalothrin, indoxacarb, and spinosad-treated 
plots were not significantly different from those in untreated plots.   Levels of 
fungus-infected aphids, numbers of lacewings and coccinellids were not 
significantly different among insecticide treatments.   
 ii
  Population dynamics of the cotton aphid, its fungus, and other natural 
enemies were evaluated in Bt and conventional cotton in two locations.   
Numbers of aphids were not significantly different between Bt and conventional 
cotton.  Different locations between Station I and Station II had different numbers 
of aphids and different levels of fungus-infected aphids.  Levels of fungus-
infected aphids, winged aphid populations, and fungus-infected winged aphids 
were not affected by cotton variety. 
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INTRODUCTION 
 
 
  The cotton aphid, Aphis gossypii Glover (Homoptera: Aphididae), is an 
economic pest of cotton in the southeastern and southwestern United States 
(Steinkraus et al. 1991).  In 2002, the cotton aphid was regarded as the sixth 
most damaging pest of US cotton. The aphid infested 70.3% of US cotton, 
causing a 0.119% reduction in yield in 9,307,757 infested acres, resulting in a 
loss of 31,450 bales (Williams 2003).   
 Heavy infestations may result in stunted leaves with distortions and 
curling.  The aphids deposit sticky honeydew on leaves and bolls. Black mold 
growing on this honeydew can lower the quality of the lint (Steinkraus et al. 
1991).  High aphid populations can have negative impacts on cotton yield and 
result in economic losses.  Outbreaks of cotton aphids have been associated 
with reductions in natural enemy populations and aphid resistance to pesticides 
(Grafton-Cardwell 1991).  Before the mid-1980s, cotton aphids were considered 
secondary pests of cotton because they rarely reached damaging levels.  
However, extensive insecticide treatments have destroyed natural enemies such 
as predators and parasitoids, and the cotton aphid has become an important pest 
of cotton.  Additionally, this pest continues to be of concern because of its 
potential for rapid reproduction and ability to develop resistance to pesticides.  
 Cotton aphid population dynamics can be influenced by both agronomic 
and pest management practices. High populations commonly occur as resurgent 
populations following applications of selected insecticides for other pests 
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(Slosser et al. 1989).  Also, chemical control is often ineffective due to cotton 
aphid resistance to many insecticides. Insecticides such as the synthetic pyre-
throids , λ–cyhalothrin and tau-fluvalinate, are not effective against the cotton 
aphid (Martin and Workman 1997). 
 Management of pests by the use of genetically based host-plant 
resistance has environmental and economical advantages compared with the 
use of chemical insecticides.  Transgenic cotton, engineered to continuously 
express a δ-endotoxin from Bacillus thuringiensis (Bt), has been very effective in 
controlling lepidopterous species (Jenkins et al.  1993).   Although the Bt protein 
is directly toxic to only a narrow spectrum of lepidopterous species, the dynamics 
of other species may be indirectly affected.  Resistance of the cotton aphid to the 
majority of insecticides that are used for control of Helicoverpa armigera, and 
lower densities of predators caused by insecticide use causes cotton aphid 
populations to be higher in insecticide-treated conventional cotton than in Bt 
cotton plots (Stewart 2005).  Bt cotton has not only played an important role in 
control of H. armigera, but also has efficiently prevented cotton aphid resurgence 
in response to insecticide use (Wu and Guo 2003).   
 Cotton aphid populations in the field are influenced by factors such as 
natural enemies and insecticides.  Complexes of natural enemies of the cotton 
aphid include predators, parasitoids, and pathogens. Several predators known to 
be effective against cotton aphids are ladybird beetles (Coleoptera: 
Coccinellidae), syrphid flies (Diptera: Syrphidae), big-eyed bugs, Geocoris 
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punctipes (Heteroptera: Lygaeidae), lacewings, Chrysoperla spp. (Neuroptera: 
Chrysopidae), anthocorid bugs, Orius spp. (Heteroptera: Anthocoridae), and 
spiders (Kaplan and Eubank 2002).  One of the most important pathogens of the 
cotton aphid in the southern, more humid areas of the United States is an 
entomopathogenic fungus, Neozygites fresenii (Nowakowski) Batko (Steinkraus 
et al. 1995). Epizootics of this fungus usually occur in cotton aphid populations 
during early July (Hollingsworth et al. 1995; Long et al. 2003).   
 Because of the importance of natural enemies and the key role that they 
play in keeping cotton aphid populations in check, it is important to know how the 
various cultural and management practices that farmers commonly use affect this 
fungus in the field.  
 The general objective of this research is to determine the effects of 
cultural and management practices including the broad-spectrum insecticide, 
acephate, neonicotinoid insecticides, imidacloprid, thiomethoxam, and 
acetamiprid, Bt and conventional cotton, and irrigation on cotton aphid 
populations, the entomopathogenic fungus, N. fresenii, predators such as 
lacewings and coccinellids, and parasitoids. 
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LITERATURE REVIEW 
 
 
Cotton Aphid 
The cotton aphid, Aphis gossypii Glover (Homoptera: Aphididae), is 
considered an important pest of cotton and many other crops around the world 
(Blackman and Eastop 1985; Leclant and Deguine 1994).    Cotton aphids range 
in color from light yellow to dark green and in many cases are almost black 
(Blackman and Eastop 1985).  In early season, they are a darker color when they 
occur on the new growth of cotton terminals.  Later in the season, when they 
occur on undersides of mature leaves, they are a lighter, yellowish color and are 
smaller (Bohmfalk et al. 1996).  The aphids have two cornicles on the end of the 
abdomen.  Cotton aphids are only about 2-3 mm in length as adults.  Like all 
aphids, both adults and nymphs have piercing-sucking mouthparts that suck 
phloem sap from the plant (Stewart 2005). 
Insects in the family Aphididae, including the cotton aphid, are closely 
related to the Adelgidae and Phylloxeridae (Blackman and Eastop 1984).  The 
Aphididae have a parthenogenetic form that is viviparous.  The antennae of 
alatae usually have 5 or 6 segments with two primary sensorial segments, and 
the last segment has a distinct terminal process.  Siphunculi are usually present.  
All female morphs of Adelgidae are oviparous and have ovipositors.  Antennae of 
Adelgid alatae are 5 segmented with usually 3 primary sensorial segments and 
siphunculi are usually absent. All female morphs are oviparous. The 
Phylloxerridae have antennae of alatae that are 3 segmented with 2 primary 
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sensorial segments and siphunculi are usually absent.  All females of Phylloxeri-
dae morphs are oviparous.  They have antennae of alatae that are 3 segmented 
with 2 primary segments sensorial and siphunculi are usually absent (Blackman 
and Eastop 1984).   
Distribution and Hosts
 Cotton aphids occur in tropical and temperate regions throughout the 
world except northernmost areas (Blackman & Eastop 1984; Capinera 2000).  
These aphids are extremely polypagous.  Crop plants attacked include cotton, 
cucurbits, citrus, coffee, cocoa, eggplant, peppers, potato, okra, and many 
ornamental plants including Hibiscus.  This aphid has been regarded as a major 
pest of cotton and cucurbits and may build up to large populations on these crops 
(Mendoza 2001; Blackman and Eastop 1984).   
Damage 
The cotton aphid has been ranked as one of the most damaging pests on 
cotton in the US.  This aphid can cause two types of injury to the plant.  First, it 
can transmit viruses and second, it can cause direct injury.  The cotton aphid is 
known to transmit over 50 plant viruses, including viruses of beans and peas, 
crucifers, celery, cowpea, cucurbits, lettuce, onion, pawpaw, peppers, soybean, 
strawberry, sweet potatoes, and tobacco (Blackman and Eastop 1984). 
Aphids can become established on young plants when only the cotyledons 
are fully expanded, or at the unfolding of the first true leaf (Wool and Hales 
1996).  Cotton aphids feed on the underside of leaves, or on growing tip of cotton 
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plants, sucking nutrients from the plant.  The foliage may become chlorotic and 
die prematurely (Leigh et al. 1996)   
High aphid densities can have a negative impact on cotton yield and can 
resulting in economic losses.  The aphids can reduce the vigor of the plant, 
making it susceptible to other pests.  Phloem sap is rich in carbohydrates and 
water, but low in amino acids needed for aphid growth.  Consequently, cotton 
aphids waste much phloem sap, excreting it from the anus as honeydew 
(Steinkraus 1996). The honeydew reduces plant quality because of development 
of black sooty mold on the honeydew substrate (Rondon et al. 2005) and sticky 
lint (Slosser et al. 2002). Also, there is a positive relationship between the degree 
of fiber stickiness and cotton aphid outbreaks at the end of the season (Deguine 
et al. 2000).  Cotton is economically damaged when aphid excretions are 
deposited on the lint of open cotton bolls, lowering the grade and quality of lint.  
Problems associated with sticky lint include higher costs of insect control, 
increased trash in seed cotton, special handling requirements at cotton gins, 
reduced efficiency at textile mills, and reduced profits (Ellsworth et al. 1999; 
Hequet et al. 2005). The threshold for sticky lint is when aphid numbers range 
between 11.1 and 50.1 per leaf after bolls open (Slosser et al. 2002). 
 Outbreaks of cotton aphids have been attributed to development of 
resistance to insecticides, resurgence of aphids due to destruction of natural 
enemies by insecticides, particularly pyrethroids, and changes in nutritional and 
bioclimatic factors in cotton plants (Slosser et al. 1989).  Since 1990, the cotton 
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aphid has infested between 100,000 and 200,000 acres of cotton in Oklahoma 
each year, most of which is irrigated cotton under insect management programs 
(Karner 2000).  In 2002, the cotton aphid was the 6th most damaging pest of US 
cotton after bollworms, Lygus, thrips, stink bug, and boll weevil.  Cotton aphids 
infested 70.3% of US cotton, with an infested area of 9,307,757 acres, causing 
yield losses of 0.12% (Williams 2003). 
Life Cycle 
Like many species of aphids, cotton aphids can reproduce either sexually 
or asexually (Stewart 2005).  In the cotton aphid, asexual reproduction occurs 
during summer months when populations are found on cotton.  The life cycle 
differs greatly between cotton aphids in the north and those in the south.  In the 
north, female nymphs hatch from eggs in the spring.  They may feed, mature and 
reproduce parthenogenetically (viviparous) on the primary plant host all summer 
or they may produce winged females that disperse to secondary hosts and form 
new colonies (Capinera 2000).  Late in the season, winged females apparently 
seek primary hosts, and eventually both males and oviparous females are 
produced.  They mate and females deposit yellow eggs.  The eggs are the only 
overwintering form under cold conditions.  A generation can be completed 
parthenogenetically in about seven days under warm conditions (Capinera 2000). 
In contrast, in the south, sexual forms are not important.  Females 
continue to produce offspring without mating so long as weather allows feeding 
and growth (Capinera 2000). 
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One of the most striking characteristic of many aphid species is the re-
markable morphological changes they undergo.  Aphids of the same species can 
be highly polymorphic, enough to have misled some taxonomists to regard them 
as different species (Leclant and Deguine 1994).  The cotton aphid has been 
reported to undergo seasonal color and morphological changes.  In spring 
populations, cotton aphids are often darker and it maybe twice as large as 
individuals in summer.  These generations exhibit shorter development time and 
higher fecundity compared with aphids during the summer (Capinera 2000). 
Aphid populations on agricultural crops in temperate regions decline over 
a period of a few days from peak to local extinction soon after mid-summer.  The 
populations recover 6-8 weeks later.  There are three ecological factors that have 
been reported to cause aphid population crashes on agricultural crops: weather 
conditions, increased natural enemy pressure, and decline in host plant quality 
(Crafton-Cardwell 1991; Karley et al.  2004). 
Winged morph production in aphids may be stimulated by poor host-plant 
nutritional quality, crowding, and interaction with other organisms such as natural 
enemies.  Wing induction may also act as a means of transmission for viral or 
fungal pathogens (Muller et al. 2001). 
Natural Enemies 
 Populations of cotton aphids are limited by a complex of natural enemies 
that includes predators, parasitoids, and pathogens. Several predators known to 
be effective against cotton aphids are ladybird beetles (Coleoptera: 
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Coccinellidae), syrphid flies (Diptera: Syrphidae), big-eyed bugs, Geocoris 
punctipes (Heteroptera: Lygaeidae), lacewings, Chrysoperla spp. (Neuroptera: 
Chrysopidae), anthocorid bugs, Orius spp. (Heteroptera: Anthocoridae), and 
spiders (Aranae).  The red imported fire ant enhances cotton aphid survival.   
Cotton aphids were more abundant in high fire ant density areas than low fire ant 
density areas.  Conversely, predators such as lady beetle and lacewing larvae 
were higher in fields with low levels of fire ants than in fields with high levels of 
fire ants (Kaplan and Eubank 2002).  Some braconid parasitoids (Hymenoptera: 
Braconidae) occur in cotton fields (Capinera 2005; Chen and Liu 2001; Lopez et 
al. 1996). In California, two parasitoid species, Aphelinus near paramali and A. 
gossypii Timberlake (Hymenoptera: Aphelinidae), were identified as the first 
components of the natural enemy complex (Godfrey and McGuire 2004).  The 
most important entomopathogenic fungus infecting the cotton aphid is 
Neozygites fresenii (Entomophthorales) (Harper and Carner 1996). 
Entomopathogenic Fungus  
 Neozygites fresenii  (Nowakowski) Batko (Entomophthorales: Neozygita-
ceae)  is an important natural enemy of the cotton aphid, A. gossypii, and is 
known to caused rapid declines of aphid populations in cotton.  The fungus has 
occurred in the Midsouth and Southeast of the United States during June-August 
each year since 1989 (Steinkraus et al. 2002).  The large quantities of fungus N. 
fresenii produced during natural epizootics in cotton fields represent a valuable 
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resource as large quantities of fungus can be harvested from the field and stored 
for future use (Steinkraus and Boys 2005). 
 Some pathogens are known to manipulate the time of day that hosts die 
so that propagules are produced during optimum conditions to maximize chances 
of survival and thus enhance transmission.  Larvae of gypsy moth, Lymantria 
dispar, die mainly in the afternoon and the fungus, Entomophaga maimaiga 
(Entomophthorales: Entomophthoraceae), sporulates during the night (Nielsen 
and Hajek 2006).  Infected cotton aphids die shortly after nightfall, attached by 
their stylets to the undersides of leaves.  Conidial discharge begins around 2200 
h and ends by 0600h, with peak discharge occurring between 2300 and 0300 h, 
when environmental conditions are conducive to fungal survival (Steinkraus et al. 
1996).   High humidity is important for survival of primary conidia since these 
conidia are rapidly damaged by relative humidity below 90% (Steinkraus and 
Slaymaker 1994). 
 Aphids killed by N. fresenii are identified by a characteristic velvety 
appearance and the body posture. Mouthparts are inserted in the leaf with the 
aphid posterior pointed away from the leaf surface.  Fungal rhizoids (holdfast 
structures) are not present, unlike some other species in the Entomophthorales, 
such as Pandora neoaphidis, that infects aphids.  Cadavers of aphids killed by N. 
fresenii are rapidly colonized by saprophytic fungi in the field (Steinkraus et al. 
1991) 
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 Each fungus-killed aphid produces about 3000 primary conidia and 
approximately 75% of these are discharged through the leaf boundary layer into 
the air, with the remaining 25% directly hitting the leaf adjacent to the host 
(Steinkraus et al. 1993). 
 The aerial primary conidia are efficiently dispersed within an epizootic 
field.  Steinkraus et al. (1999) reported that almost 50% of sentinel aphids 
became infected within the field and 100 m downwind outside the field 24% 
became infected after 8 h exposure to air.   Primary conidia probably do not 
directly infect aphids. More likely, they settle onto aphids, plants, and soil 
surfaces and germinate to form infective capilliconidia.. 
 Capilliconidia have a greater ability to survive lower humidities than 
primary conidia, sometimes remaining infective for several weeks (Steinkraus 
and Slaymaker 1994) providing a long-lasting infective stage of N. fresenii on 
leaves where aphids live and move. 
 Passive aerial dispersal of N. fresenii is important in the epizootics of this 
pathogen.  Aerial conidia are an efficient and rapid dispersal mechanism for N. 
fresenii within and between cotton fields (Steinkraus et al. 1999) 
Primary conidia of N. fresenii are subglobose or pear-shaped, smokey-
grey in color, with a mean length of 16.7 µm and a width of 13.7 µm (Steinkraus 
et al. 1991).  Primary conidia which settle onto aphids, plants, and soil surfaces 
form long slender capillary conidiophores that produce secondary conidia (capilli-
conida) which have a mean length of 19.2 µm and a width of 10.7 µm.  Capillary 
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conidiophores range from 25 to 60 µm in length and are ca. 2 µm in width.  
Globular hyphal bodies are found within the hemocoel of moribund infected 
aphids.  Mean diameter of the hyphal bodies is 17.8 µm (Steinkraus et al. 1991). 
 Epizootics have been reported to occur in cotton fields relatively isolated 
from major cotton growing areas (Steinkraus et al. 1995).  It is suggested that 
fungal inoculums within migrating infected alatae, or in the form of aerially 
dispersed fungal spores, and or resting spores in the soil, can be efficiently 
disseminated throughout an area.  This fungus has a restricted host range and it 
has been impossible to culture N. fresenii on artificial media. 
Crowding and nutritional factors are two main forces involved in the 
production of alates in most aphids (Dixon, 1998).  Colonies with fewer than 
three aphids seldom produce alates, while colonies with three or more aphids 
often produce alate offspring (Reinhard 1927).   
Environmental conditions may have influenced the observed increase in 
aphid numbers during recent years due to decreasing overwintering mortality of 
aphids and slower development of natural enemy populations in the spring. 
Alate aphids can migrate, have a longer developmental time, produce 
fewer offspring, and have an increased risk of mortality when they migrate than 
apterous aphids (Dixon 1977).  Additionally, alatae-form nymphs and adults are 
more tolerant than the apterous form to pesticides, possibly due to size 
difference, amount of sclerotization, and/or differences in behavior (Crafton-
Cardwell 1991).  The higher susceptibility of alatae and their ability to fly long 
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distances when infected are important factors in development of epizootics 
(Steinkraus et al. 1995; Steinkraus 2006). 
Aphid populations decline more rapidly in fields where peak population 
densities are higher.  The rapid declines in cotton aphid populations during N. 
fresenii epizootics indicate the importance of this pathogen in reducing cotton 
aphid populations where beneficial insects are often rare (Steinkraus et al. 1995).  
Fungal-infected aphids produced significantly less honeydew on average each 
day, and lower numbers of offspring.   Thus, control of the cotton aphid by N. 
fresenii begins prior to host death through reduced feeding and offspring 
production.  The fungus may also prevent damage to cotton lint due to reduced 
honeydew produced by infected aphids (Kay and Steinkraus 2004) 
In monitoring fields for infection, the first infected aphids found are alatae 
collected from cotton plants.  The alatae are probably migrants because alatae 
generally develop in high density infestations.  Migrating infected alatae may be a 
mechanism by which N. fresenii is spread within and between fields and may al-
so serves as an early indication of impending epizootics (Steinkraus et al. 1995).  
Infected apterae could be a useful indicator of an imminent epizootic because 
aphid populations decline 1-3 weeks after N. fresenii is first detected in apterae 
(Steinkraus et al. 1991). 
Transgenic Cotton 
Bollgard® cotton has been genetically modified to incorporate a 
recombinant DNA construct from the bacterium Bacillus thuringiensis Berliner 
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subspecies kurstaki (Bt), which codes for δ-endotoxin protein (Khetan 2001).  
When ingested, a crystalline protein (protoxin) is activated in the insect midgut, 
releasing toxin fragments that interact with the larval midgut epithelium, binding 
specifically to the brush border membrane vesicles.  Gut paralysis and cessation 
of feeding occur within minutes in susceptible insects following ingestion of the δ-
endotoxin protein (Kaya and Tanada 1997).  
The target insects that Bt cotton has provided effective control against are 
the cotton bollworm, Helicoverpa (=Heliothis) zea (Boddie) and the tobacco 
budworm, Heliothis virescens (F.) complex. Outside these pests, Bt cotton does 
not control insects such as thrips, boll weevil, Anthonomus grandis, cotton aphid, 
A. gossypii, cotton fleahopper, Pseudatomoscelis seriatus, and Lygus spp.  
(Armstrong et al. 2003).   
Apparently, the Bt endotoxins expressed in the cotton do not act on the 
aphids which are obligatory phloem sap feeders (Liu et al. 2005).  Bt toxins were 
not detected in the phloem sap, or in aphids’ honeydew (Raps et al. 2001, Dutton 
et al. 2002).  Only minor differences in arthropod communities have been 
reported between Bt and non-Bt cultivars (Sisterson et al. 2004). 
In Bt cotton fields, the density of sap-feeding insects, such as aphids, 
whiteflies, and leafhoppers, was usually higher than in conventional cotton fields.  
This phenomenon may be a result of the decreased use of systemic insecticides 
in transgenic crop fields, leading to resurgence of these pests (Herron et al. 
2000; Reed et al. 2001).  The cotton aphid as a non-target herbivorous insect is 
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now a key pest of Bt cotton and causes serious damage almost every year in 
Southeast and Southwest US. 
Use of resistant plants and biological control are two of the main strategies 
of integrated pest management (IPM).  Secondary plant substances or allelo-
chemicals often play a role in plant resistance to pests.  Gossypol, a phenolic 
sesquiterpenoid aldehyde, is an important allelochemical occurring in glanded 
cotton varieties.  This allelochemical exhibits antibiosis to many pests, including 
the cotton aphid.  Cotton gossypol content has been considered one of the key 
resistance indices for the cotton aphid.  Higher levels of gossypol adversely 
affect the longevity and reproduction of this aphid (Du et al. 2004). 
Insecticides 
 Use of insecticides for insect control is an essential component of most 
crop protection strategies in modern agriculture, although overeliance on 
insecticides has been reported to result in resistance problems, ecological 
disturbance, and higher cost to the growers (Horowitz et al. 2004).  Use of either 
organophos-phates or pyrethroids is often ineffective for cotton aphid due to 
resistance development. 
Neonicotinoid Insecticides 
  Neonicotinoids, or chloronicotinyls, are a new class of synthetic insectici-
des that are analogs of the natural product nicotine.  One of the most widely used 
neonicotinoid  is imidacloprid (Pedigo 2000).  Neonicotinoids are used to control 
many sucking insects, including the cotton aphid. Imidacloprid acts upon the 
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nicotinic receptors and kills insects by either eliciting a neural toxin response with 
classic toxicity symptoms (i.e., uncoordinated movement and tremors) or by 
causing a reversible starvation response (i.e., shortened feeding duration, 
increased test probing, and avoidance) (Nauen 1995). 
 The neonicotinoids are the fastest growing class of insecticides, currently 
exceeding 15% of the total insecticide market.  They have chemical and 
biological properties, including broad-spectrum insecticidal activity, low 
application rates, excellent systemic characteristics, favorable safety profile, and 
new mode of action (Maienfich 2005). Nicotine, S-3-(1-methylpyrrrolidin-2-yl)-
pyridine, is a natural, botanical insecticide that has been used for centuries.  
However, nicotine has relative low toxicity to insects as compared to modern day 
insecticides (Kagabu 1997).  Nicotine is an acetylcholine receptor agonist, and 
nicotinic receptors play key roles in fast synaptic transmission throughout the 
insect nervous system (Karlin and Akabas 1995).  In contrast to nicotinoids, 
neonicotinoids are not protonated and have been shown to have important 
insecticidal activity against sucking insects, and some Hymenoptera, Coleoptera 
and Lepidoptera (Kagabu 1997, Tomizawa and Casida 2003). 
Neonicotinoids, the most important new class of synthetic insecticides of 
the past three decades, are used to control sucking insects both on plants and 
animals. Imidacloprid, nitenpyram, acetamiprid, tiacloprid, thiamethoxam, and 
others act as agonists at the insect nicotine acetylcholine receptors (Tomizawa 
and Casida 2003; Horowitz et al. 2004) causing the insect to reduce or stop 
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feeding, and reduce mobility (Gourment et al. 1994).  These insecticides are 
active against species in the Hemiptera, Coleoptera, Diptera, and Lepidoptera.  
In agriculture, they are being used most intensively to control sucking pests such 
as aphids (Lind et al. 1998; Foster et al. 2003; Nauren et al. 1998), planthoppers, 
leafhoppers, and whiteflies (Mason et al. 2000) 
Imidacloprid, acetamiprid, and thiamethoxam are produced by Bayer 
(1991), Nippon Soda (1996), and Syngenta (1998), respectively.  They have 
been used intensively in Israel for controlling whiteflies in cotton, vegetables, and 
ornamentals (Horowitz et al. 2004).  Imidacloprid treatment resulted in increased 
wing formation in the cotton aphid independent of aphid crowding or decline in 
plant quality.  Imidacloprid reduces aphid feeding and may cause wing 
production.  The production of wings could be caused by the insecticide acting on 
the endocrine system in a way similar to that of precocenes (Hardie 1986) or by 
the impact of the insecticide on the plant, or combination of these or another 
unknown mechanism (Conway et al. 2003). 
 Dicrotophos and thiamethoxam use reduced predator numbers in cotton 
fields.  High mortality among populations of the big-eye bug and the red imported 
fire ant occurred after thiamethoxam and dicrotophos treatments and numbers of 
arachnids were lower after dicrotophos treatment. In addition, acetamiprid and 
thiamethoxam exhibited significant activity against bollworm eggs in the field 
(Kilpatrick et al. 2005). 
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Dicrotophos (Bidrin®) 
 Dicrotophos was introduced in 1956 as a contact systemic pesticide with a 
wide range of applications (Extonet 2003).  It is classified as an organophos-
phorous systemic insecticide and acaricide with moderate persistence.  It is used 
against many aphids, leafhoppers and other piercing-sucking insects (Pedigo 
2000), and is recommended for use on coffee, cotton, rice, pecans, and other 
crops (Extonet 2003).  
Acephate (Orthene®) 
 Acephate is an organophosphate foliar spray insecticide of moderate per-
sistence with residual systemic activity of about 10-15 days at the recommended 
use rate. It is used for control of a wide range of biting and sucking insects, 
especially aphids, including resistant species, in fruit, vegetables (e.g. potatoes 
and sugar beets), vine, and hop cultivation and in horticulture (e.g. on roses and 
chrysanthemums grown outdoors).  It also controls leaf miners, lepidopterous 
larvae, saw-flies and thrips in the previously stated crops as well as in turf, mint 
and forestry (Extension Toxicology Network, 1995)
Emamectin benzoate (Denim®) 
 Emamectin benzoate is an avermectin insecticide that is used for control 
of a broad range of lepidopterous pests, and also suppresses mites with 
minimum impact (Sparks 1996).  This is a microbiologically derived insecticide 
from the bacterium, Streptomyces avermitilis (Pedigo 2000). 
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 This insecticide works by both contact and ingestion.   In addition, it acts 
as an ovicide in which larvae are controlled as they chew through egg casings 
(Henderson and Blackney 2003) 
Spinosad (Tracer®) 
 Spinosad, a natural product from the bacterium, Sacccharopolyspora 
spinosa, is registered for control of armyworms, cotton bollworms, loopers, and 
tobacco budworms in cotton.  This natural product has characteristics similar to 
Bt products and performs similarly to conventional synthetic insecticides (Pedigo 
2000).  It works by both contact and ingestion against many caterpillar pests.  
Tracer disrupts acetylcholine binding in nicotinic acetylcholine receptors at the 
post-synaptic nerve cell ending (Johnson et al. 2000). 
λ-cyhalothrin (Karate®) 
 λ-cyhalotrin is one of the fourth generation pyrethroid insecticides (Pedigo 
2000) that is used against a wide range of insect pests in a variety of crops 
including cotton, rice, peanuts, and soybeans (Leistra et al.  2003). Some insects 
such as Heliothis virescens, Helicoverpa zea, Trichoplusia ni, and Spodoptera 
exigua are many times more sensitive to this insecticide when they have 
previously fed on Bt cotton  (Harris 1998).  The insecticide causes insect death 
by interference with sodium channels in the nerve axon.  It provides contact, 
ingestion, and residual activity. 
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 MATERIALS AND METHODS 
 
 
Overview 
 Insecticides such as organophosphates, pyrethroids, and carbamates, are 
often implicated in causing outbreaks of the cotton aphid through either 
elimination of pesticide-susceptible natural enemies (Grafton-Cardwell 1991) or 
stimulation of aphid reproduction (Kern and Stewart 2000).  Presently, cotton 
aphids are controlled in cotton primarily by broad-spectrum insecticides.  Many 
insecticides used for cotton aphid control have become ineffective due to 
development of resistance by aphids (Grafton-Cardwell 1991).  Whenever 
insecticide resistant aphids are prevalent, the use of some insecticides may 
result in increased population densities. 
 Insecticides such as Denim®, Karate®, Steward®, and Tracer® have 
been used for control of insects in non-Bt cotton. These insecticides are used 
especially against the bollworm complex. In North Carolina, a reduction in the 
use of insecticides on Bt cotton led to an increase in parasitic wasp populations 
capable of keeping aphid outbreaks at subeconomic levels and an increase in 
secondary boll damaging pests such as plant bugs, Lygus lineolaris (Palisot) in 
the late 1990s (Bacheler et al. 1999). 
Effects of Broad-Spectrum Insecticide and Cotton Variety on  
Aphid Populations and Fungus Infection 
 
 Broad spectrum insecticides have been used successfully to control insect 
pests, but in the process, have also caused reduction in non-target insects, 
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 including beneficial species. These insecticides have been used extensively 
especially in non-Bt cotton.   
  The objective of this research was to determine the effect of broad-
spectrum insecticides on populations of the cotton aphid and its associated 
natural enemies including the fungal pathogen, N. fresenii, in both Bt and 
conventional cotton. 
 First Trial.   This trial was conducted in the Bubba Bamberg Field located 
are near Denmark, SC. (33o19’18.37”N, 81o06’43.66”W).  Plots 36 rows x 30.5 m 
were planted on 28 April 2001 and arranged in split plot factorial randomized 
complete blocks with four replicates under a center pivot irrigation system.  The 
date of sampling was the main plot and variety and insecticide were the subplot.   
 Aphid populations and fungus infection levels were monitored in untreated 
and acephate treated plot (Orthene 75S, Valent, Walnut Creek,CA; 0.56 kg 
a.i/kg), with three varieties of cotton: DP50 (non-Bt), DP50B (derived from DP50, 
expresses Cry1Ac endotoxin), and DP985 (derived from DP 50B, express 
Cry1Ac and Cry2Ab endotoxins).   
 Aphid sampling began on 18 July and was continued biweekly until 15 
August 2001.  Treatment effects were monitored by counting the number of 
aphids on the top two leaves from 18 plants that were selected systematically in 
each plot.  Other variables that were examined were percentage of fungus 
infection and parasitoid mummification of aphids, numbers of both lacewing eggs 
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 and larvae per leaf, and numbers of both larvae and adults of coccinellids per 
leaf.     
 Second Trial.   This trial was conducted in the Pear Tree Field, Clemson 
University Edisto Research and Education Center (Edisto REC) near Blackville, 
Barnwell County, SC. (33o21’53.42’’N, 81o19’45.49”W) in 2001.  Conventional 
cotton was planted on 31 May and was sprayed with the broad-spectrum 
insecticide, acephate, on 3 and July 13 at the rate of 0.56 kg (a.i.)/ha.  The 
experiment was designed as a split plot randomized block design consisting of 
four blocks.  The plots were 18 rows by 30 m. Aphid populations were sampled 
on 17 July 2001 and sampling was continued biweekly until 15 August 2001.  
Lower leaves from 18 plants in each plot were examined.  Two leaves (the third 
and fourth leaf) of each plant were examined.  Variables that were examined 
were numbers of aphids per leaf, fungus infection (%), parasitoid mummification 
of aphids (%), numbers of both lacewing eggs and larvae per leaf, and numbers 
of both larvae and adults of coccinellids.  
Effect of Insecticides Denim®, Karate®, Steward®, and Tracer® on Cotton Aphid 
Populations and Fungal Infection of Aphids 
 
 The objective of this trial was to determine the effects of several 
insecticides commonly applied to cotton fields on cotton aphid populations, the 
fungus, N. fresenii, and other natural enemies.   
 The trial was conducted in fields behind the center pivot irrigation area at 
Edisto REC.  The experiment was arranged in a split plot randomized block 
design with 4 replications of 4 insecticide treatments and an untreated check.  
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 The four insecticide treatments were emamectin benzoate (Denim®, Syngenta 
Crop Protection, Greensboro, NC) 0.015 kg (a.i)/ha, λ–cyhalothrin (Karate®, 
Syngenta Crop Protection, Greensboro, NC) 0.04 kg (a.i)/ha, indoxacarb 
(Steward®, E.I. du Pont de Nemours and Company or DuPont, Wilmington, DE) 
0.12 kg (a.i)/ha, and spinosad (Tracer®, Dow Agrosciences, Indianapolis, IN) 
0.10 kg (a.i)/ha. 
 Aphid populations were sampled starting on 17 July 2001 and sampling 
was continued biweekly until 17 September 2001.  Two upper leaves from 18 
plants in each plot were examined.  Variables examined were number of aphids 
per leaf, fungus infection levels, parasitoid mummification of aphids (%), numbers 
of both lacewing eggs and larvae per leaf, and numbers of both larvae and adults 
of coccinellids. 
Effect of Neonicotinoids and Dicrotophos on Aphid Numbers and N. fresenii 
   Three neonicitinoid insecticides (acetamiprid, thiamethoxam, and imida-
cloprid) and one organophosphate (dicrotophos) have been evaluated for control 
of the cotton aphid (Gibson et al. 2003, Earnest 2000).  Acetamiprid and 
thiamethoxam have provided adequate control of aphids. Dicrotophos, which 
previously was the insecticide of choice against this pest, has been reported to 
be ineffective against cotton aphid (Earnest 2000).  Imidacloprid was less 
effective in controlling aphids than either acetamiprid or thiamethoxam (Gibson et 
al. 2003). However, there is no information on the effect of these insecticides on 
incidence of N. fresenii  
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  N. fresenii has been reported as the causal agent of epizootics in cotton 
aphid populations.  These epizootics have been observed to reduce aphid 
populations in the Midsouth and Southeast since 1989 (Steinkraus et al.  2003). 
Epizootics of N. fresenii in cotton aphids generally occur in Arkansas from mid-
July to mid August (Steinkraus et al. 1991).   
 Because of the importance of this fungus in suppressing the cotton aphid, 
it is essential that any new management tactic be evaluated for its effect on this 
fungus.  Currently, there is no information on the effect of neonicotinoid 
insecticides on incidence of N. fresenii.  The objective of this study was to 
determine effects of the neonicotinoid insecticides, acetamiprid, thiamethoxam, 
and imidacloprid, and the organophosphate, dicrotophos, on the incidence N. 
fresenii in the field. 
  Experimental cotton plots (5415RR variety) were established at the 
Sandifer Farm, Bamberg County, SC (33o22’02.12”N, 81o12’14.47”W). The 
cotton was planted on 26 April 2002 in 15 m x 12 rows plots.  The experiment 
was designed as a split plot randomized block design consisting of four blocks.  
Dates of sampling were the main plot and insecticide treatments were the 
subplot. Four insecticides were evaluated to determine their effects on incidence 
of N. fresenii: acetamiprid (Intruder 70WP, Dupont, Wilmington, DE), dicrotophos 
(Bidrin SE, Amvac Chemical Corp., Los Angeles, CA), thiamethoxam (Centric 
40WG, Syngenta Crop Protection, Greensboro, NC), imidacloprid (Trimax, 4F, 
Bayer CropScience, Research Triangle Park, NC), and an untreated control.    All 
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 insecticide treatments were applied on 19 June and 3 July, 2002. In addition, on 
26 June the dicrotophos and imidacloprid were applied.  Acetamiprid, 
thiamethoxam, and imidacloprid were applied at the rate of 0.05 kg (a.i.)/ha 
and dicrotophos was applied at a rate of 0.56 kg (a.i.)/ha. Karate® was applied 
for bollworm on 12 and 17 July, 2002 in all plots. 
 Cotton aphids were sampled twice weekly between 2 July and 23 July 
2002. Twelve cotton plants were selected systematically for each plot and two 
leaves were removed from each of these plants.  Leaves were preserved in 30 
ml screw cup vials filled with 70% alcohol. These were later processed in the 
laboratory to confirm presence of N. fresenii.  Percent of aphid infection was 
determined from numbers of all aphids including winged aphids per plot by 
dividing the numbers of aphids with fungus by the total numbers of aphids 
sampled, then multiplying by 100. Microscope slide squash mounts in 
lactophenol fuchsin were made for aphids collected on 2, 9, 16, 19, and 23 July 
and each aphid was examined with a microscope to determine if secondary 
conidia, hyphal bodies, conidiophores, primary conidia, and resting spores were 
present (Steinkraus et al. 1991).  Aphids were classified into one of the following 
six categories based on Steinkraus et al. (1995): (1) with secondary conidia 
attached to aphid’s leg, antennae or body, (2) with hyphal bodies, (3) with 
conidiophores and primary conidia, (4) with resting spores, (5) with saprophytic 
fungi, and (6) no fungus.    
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  Aphid numbers for each plot were determined by counting from samples in 
each plot. Percent of winged aphids in the populations was obtained by dividing 
the number winged aphids in each plot by the total number of sampled aphids in 
each plot x100. Percent of fungus infection in winged aphids was btained by 
dividing the number of infected winged aphids by number of winged aphids in 
each plot.  
Effects of Neonicotinoid Insecticides and Irrigation on Number of Cotton Aphids, 
Fungus-Infected Aphids, and other Natural Enemies  
 
Insecticide Treatments Based on Aphid Infestation Levels (AIL) in 2002 
  Experiments with the neonicotinoid insecticides, acetamiprid and 
thiamethoxam, were carried out at the Edisto REC.  Cotton variety DP 458 BR 
was planted in plots of 12 rows x 15 m in both a dryland field and under irrigation 
on 6 and 7 May 2002, respectively.  The experiment was arranged in a split-split 
plot design with four replications.  The date of sampling was the main plot; 
locations were the subplot and neonicotinoid insecticides were sub subplots.  
There were 5 insecticide treatments which were based on cotton aphid 
infestation levels in cotton (AIL) at each location:  (1) thiamethoxam (0.05 kg 
a.i./ha) for aphid-free plots, thia1, (2) thiamethoxam (0.05 kg a.i./ha) applied 
when 30% of plants were infested, thia2, (3) acetamiprid (0.05 kg a.i./ha) applied 
when 30% of plants were infested, ace, (4) thiamethoxam (0.05 kg a.i./ha) when 
90% of plants were infested, thia3, and (5) untreated.  Applications of insecticide 
were made as follows: treatments no. 1, 2, and 3 on 25 June, all treatments on 1 
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 July, treatment no. 1 on 11 July.  Karate® was applied on 19 June 2002 and it 
was sprayed again on 16 July and 18 July 2002 to control bollworms.   
Insecticide Treatments Based on Aphid Infestation Level (AIL) in 2003 
  Efficacy of the neonicotinoid insecticide, thiamethoxam, against the cotton 
aphid was evaluated at Edisto REC in 2003.  The experiment was conducted 
under irrigation and in dryland cotton.  There were three treatments in each field: 
(1) thiamethoxam to keep plots aphid-free, (2) thiamethoxam applied whenever 
30% of the plants were infected with aphids and (3) untreated.  The experiment 
was a split split-plot design with date of sampling considered as main plots, 
irrigation and dryland as subplots and insecticide treatments as sub subplots.  
Each treatment was replicated 5 times.  
 Variables measured were numbers of aphids/leaf, aphid mummification 
(%), numbers of lacewing eggs and larvae/leaf, numbers of both larvae and adult 
coccinellids/leaf, fungus infection levels, percentage of winged aphids in aphid 
populations, fungus infection in winged aphids, and the fungus developmental 
stage.  
Insecticide Treatments not Based on Aphid Infestation Level (non-AIL) in 2002 
 This trial was conducted with 3 insecticide treatments not based on AIL: 
(1) acetamiprid at 0.025 kg a.i./ha, (2) thiamethoxam at 0.025 kg a.i./ha, and (3) 
untreated. Insecticide treatments were applied on 1 July and 11 July, 2002.  
Karate® was applied on 16 and 18 July 2002 to control bollworms.  Treatment 
effects were monitored by counting numbers of aphids on two leaves from each 
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 of 12 plants per plot.  In addition, mummification by parasitoids (%), numbers of 
lacewing eggs and larvae/leaf, and numbers of both larvae and adults of 
coccinellids/leaf were counted. Also, numbers of fungus-infected aphids (non-
winged and winged aphids) and fungus developmental stage in infected aphids 
were determined under the microscope using the procedure based on Steinkraus 
et al. (1995) as already mentioned above.  
Population Dynamics of the Cotton Aphid in Untreated Plots 
Population Dynamics of the Cotton Aphid and its Entomopathogenic Fungus in Bt 
and Conventional Cotton 
 
 The purpose of this research was to monitor aphid populations and 
infection by N. fresenii on both Bt and conventional cotton, to determine which 
fungus development stages were present throughout the season, and to 
determine when fungus-infected winged aphids were present. 
 Plots were located at two locations in the Sandifer Farm fields, Bamberg 
County, SC. (33o22’02.12”N, 81o12’14.47”W).   Each field was divided in half with 
one side planted to conventional cotton (5415 RR) and the other side to Boll-
guard cotton (DP 458 BR).  All cotton was planted on 26 April 2002.  Ten plots 
were established in each variety. Karate® was applied 12 and 17 July, 2002 for 
bollworm. 
 Cotton aphids were sampled twice weekly between 28 June and 31 July 
2002.  Twenty four leaves from 12 cotton plats were selected from each plot.  
Counts of living aphids on each sampled leaf were made in the field.  At the 
same time that counts were made, aphid samples were preserved in alcohol, and 
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 later processed in the laboratory to confirm presence of N. fresenii. Aphids were 
examined by light microscopy and data recorded including % fungus infection, % 
winged aphids, % fungus infection in winged aphids, and the develop-mental 
stage of the fungus that was present in each aphid. 
Population Dynamics of the Cotton Aphid and its Fungus in Untreated Fields 
 Population dynamics of the cotton aphid and its fungus were monitored in 
2004 and 2005.  The cotton was a conventional variety.  There were four fields at 
Edisto REC in 2004 (Sandy Curve, Middle Irrigation, Pear Tree, and Side Pear 
Tree).  In 2005, there were three fields in Edisto REC, 8 Rows field, Dryland,  
and Pear Tree,  and one farmer cotton field close to Hilda  Road, Blackville, SC. 
(33o19’43.89”N, 81 o 16’09.59”W).  A split plot experimental design, arranged as 
a randomized complete block with three replications, was used.  The main factor 
was date of sampling and subfactor was location. 
 Variables measured were total numbers of aphids /leaf, aphid 
mummification (%), numbers of both lacewing eggs and larvae/leaf, numbers of 
Coccinellidae /leaf, fungus infection (%), percentage of winged aphids in aphid 
populations, fungus infection in winged aphids, and the fungus developmental 
stage.  
Data Analysis 
 All data were analyzed for treatment effects using analysis of variance 
(ANOVA) (PROC GLM SAS Institute Version 9.1 2004).  Numbers of aphids, 
lacewings, and coccinellids were transformed using √(x+0.05) and percentage 
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 values such as % winged aphid in aphid populations, fungus-infected aphids 
(winged and non-winged aphids), and aphid mummification, were arcsine 
transformed to homogenize variance among treatments.  For all significance 
means, Tukey’s test was used to determine differences between means at the 
5% probability level.   
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RESULTS  
 
 
Effects of Broad-Spectrum Insecticide and Cotton Variety on  
Aphid Populations and Fungus Infection 
 
First Trial   
 This trial that was conducted in Bubba Bamberg Field, near Denmark, SC.  
Data were analyzed using split plot factorial randomized complete blocks. There 
were significant differences in cotton aphid populations between treatments and 
sampling dates (F=15.87, DF=6, p<0.001).  Significance difference comparisons 
for aphid numbers in Table 1 are between treatments by date.  Of the seven 
sampling dates, both 18 and 21 July 2001 had significantly higher numbers of 
aphids in the insecticide treatment (acephate) than in the untreated plots.  On 18 
July, numbers of aphids/leaf in acephate treated plots averaged 8.3 compared to 
3.1 in untreated plots.  On 21 July, numbers of aphids/leaf averaged 7.30 in 
acephate treated plots and 3.51 in untreated plots (Table 1).   
 Aphid populations were significantly different among cotton varieties, but 
numbers did not vary significantly between dates and insecticide treatments (F= 
6.06, DF=2, p=0.0118).    The average of aphid numbers/leaf in cotton variety 
DP985 for the whole season was 3.12 which was significantly higher than for 
varieties DP50B and DP50 which had 2.59 and 1.85 aphids/leaf, respectively 
(Table 2).  
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Table 1. Effect of broad-spectrum insecticide and cotton variety on aphid populations (mean±SE) at 
Bubba Bamberg, 2001 
 
Numbers of aphids in each insecticide treatment and cotton variety (aphids/leaf) 
Untreated Treated 
Date 
DP50 DP50B DP985 average* DP50 DP50B DP985 average* 
7/18 1.70±0.86 2.42±1.44 5.19±1.53 3.10±1.97b 6.23±1.42 9.71±3.67 8.96±2.95 8.30±3.01a
7/21 1.94±1.32 4.29±1.97 4.29±1.97 3.51±1.98b 5.80±4.58 8.73±6.45 7.46±4.43 7.33±4.90a
7/25 1.96±1.08 1.68±1.62 4.31±3.22 2.65±2.32a 2.13±1.24 1.99±0.57 2.04±1.04 2.05±0.90a
7/28 1.77±0.89 2.11±0.06 3.59±1.29 2.49±1.16a 1.51±0.17 1.99±0.64 2.10±0.77 1.87±0.60a
8/1 0.69±0.15 0.91±0.32 1.52±0.27 1.04±0.44a 0.44±0.15 0.51±0.27 0.79±0.59 0.58±0.38a
8/8 0.44±0.07 0.52±0.25 1.08±0.34 0.68±0.37a 0.31±0.03 0.50±0.12 0.72±0.29 0.51±0.24a
8/15 0.52±0.25 0.67±0.17 0.96±0.39 0.71±0.32a 0.40±0.17 0.31±0.07 0.64±0.25 0.45±0.22a
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Significance difference comparisons for means are between treatments by date.   
Mean within date followed by the same letter are not significantly different p >0.05. 
 
 
Table 2. Effect of cotton variety on aphid populations (mean±SE) at Bubba 
Bamberg, 2001 
 
Numbers of aphids in each insecticide treatment and cotton variety 
(aphids/leaf) 
DP50 DP50B DP985 
Date 
Untreated Treated Untreated Treated Untreated Treated 
7/18 1.70±0.86 6.23±1.42 2.42±1.44 9.71±3.67 5.19±1.53 8.96±2.95
7/21 1.94±1.32 5.80±4.58 4.29±1.97 8.73±6.45 4.29±1.97 7.46±4.43
7/25 1.96±1.08 2.13±1.24 1.68±1.62 1.99±0.57 4.31±3.22 2.04±1.04
7/28 1.77±0.89 1.51±0.17 2.11±0.06 1.99±0.64 3.59±1.29 2.10±0.77
8/1 0.69±0.15 0.44±0.15 0.91±0.32 0.51±0.27 1.52±0.27 0.79±0.59
8/8 0.44±0.07 0.31±0.03 0.52±0.25 0.50±0.12 1.08±0.34 0.72±0.29
8/15 0.52±0.25 0.40±0.17 0.67±0.17 0.31±0.07 0.96±0.39 0.64±0.25
Average* 1.85±1.89a 2.59±3.01b 3.12±2.65c 
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* means of variety followed by the same letter are not significantly different p >0.05. 
 
 
As with cotton aphid population levels, the broad-spectrum insecticide, 
acephate, also affected levels of fungus infection (F=10.67, DF=6, p<0.0001) and 
aphid mummification (F=5.59, DF=6, p< 0.0001) with both being higher in treated 
plots than in untreated plots (Table 3 and Table 4).  Significance difference 
comparisons for means are between treatments by date. 
 Fungus infection occurred in both treated and untreated plots.  However, 
infection levels in treated plots were higher than in untreated plots at the 
beginning of sampling and throughout the sampling period.   Lower levels of 
aphid mummification occurred in untreated plots only one date (28 July).  Aphid 
mummification was only observed in DP50B cotton untreated on 28 July 2001 
(Table 4). Data are shown in Tables 1 through 4 show that high aphid 
populations in treated plots were followed by high levels of fungus infection and 
aphid mummification. 
 Cotton variety and broad spectrum insecticide treatments did not appear 
to have any effect on levels of lacewing and coccineliid populations.    However, 
populations of both natural enemies were significantly different among sampling 
dates (F = 4.17, DF=6, p = 0.0008 for lacewings and F = 3.77, DF=6, p = 0.0019 
for coccinellids). Lacewings were found for the first time on 28 July in DP985 
cotton in both untreated and treated fields and by 15 August they were found in 
all cotton varieties.  The highest numbers of this insect occurred on 15 August 
(Table 5).  Coccinellids were found starting on 18 July in all plots, except in DP50 
cotton in untreated plots.  On 21 July and 25 July, there were no coccinellids 
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Table 3. Effect of broad-spectrum insecticide and cotton variety on levels of fungus infection in cotton aphids (mean±SE) at 
Bubba Bamberg, 2001 
 
% infection by N. fresenii in each insecticide treatment and cotton variety 
Untreated Treated Date 
DP50 DP50B DP985 average* DP50 DP50B DP985 average* 
7/18 0.28±0.56 0.87±1.11 0.50±075 0.55±0.80b 36.24±1170 36.11±25.15 21.79±10.61 31.38±17.05a 
7/21 13.45±11.23 7.70±7.78 2.17±2.89 7.77±8.74b 16.24±16.22 31.55±22.11 36.27±11.91 21.35±17.34a 
7/25 0.48±0.64 0.79±1.59 1.99±1.67 1.09±1.42b 43.96±31.73 53.60±28.71 44.38±17.64 47.31±24.61a 
7/28 5.4±52.43 0.89±0.02 4.19±3.56 3.51±3.02b 32.04±17.22 49.31±33.33 50.70±24.25 44.01±24.96a 
8/1 2.76±4.17 1.01±2.03 3.33±3.56 2.37±3.22b 54.05±27.91 39.58±27.66 42.89±29.12 45.50±26.35a 
8/8 2.00±4.00 2.57±3.39 1.97±2.60 2.18±3.07b 16.83±1629 52.09±18.80 50.49±39.10 39.80±29.56a 
8/15 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00a 0.00±0.00 7.501±5.00 0.00±0.00 2.50±8.66a 
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* Significance difference comparisons for means are between treatments by date  
*means within a date followed by the same letter are not significantly different p >0.05. 
 
 
Table 4. Effect of broad-spectrum insecticide and cotton variety on aphid mummification (mean±SE) at 
Bubba Bamberg, 2001 
 
% mummified aphids in each insecticide treatment and cotton variety 
Untreated Treated Date 
DP50 DP50B DP985 average* DP50 DP50B DP985 average* 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00b 2.75±1.34 0.90±0.83 1.03±0.98 1.56±1.31a
7/21 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00b 0.00±0.00 1.30±1.53 1.141±.32 0.81±1.21a
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00b 0.00±0.00 1.97±1.65 0.00±0.00 0.66±1.69a
7/28 0.00±0.00 0.23±0.46 0.00±0.00 0.08±0.27b 1.32±2.63 3.69±5.04 4.44±3.10 3.15±3.66a
8/1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00a 0.00±0.00 0.00±0.00 1.16±2.33 0.39±1.34a
8/8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00a 1.39±2.78 0.00±0.00 1.79±2.32 1.06±2.05a
8/15 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00a 0.00±0.00 0.00±0.00 3.33±6.67 1.11±3.85a
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Significance difference comparisons for means are between treatments by date  
Means within a date followed by the same letter are not significantly different p >0.05. 
 
 
Table 5. Effect of broad-spectrum insecticide, cotton variety, and sample date on lacewing 
populations (mean±SE ) at Bubba Bamberg, 2001 
 
 
*means within column followed by the same letter are not significantly different p >0.05. 
Numbers of lacewings in each insecticide treatments and cotton variety (numbers/leaf) 
Untreated Treated Date 
DP50 DP50B DP985 DP50 DP50B DP985 
Average* 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000±0.0000b 
7/21 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000 ±0.0000b 
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000±0.0000b 
7/28 0.00±0.00 0.00±0.00 0.01±0.01 0.00±0.00 0.00±0.00 0.01±0.01 0.0025±0.0068ab
8/1 0.00±0.00 0.00±0.00 0.01±0.02 0.00±0.00 0.00±0.00 0.00±0.00 0.0017±0.0082ab
8/8 0.00±0.00 0.02±0.02 0.01±0.02 0.01±0.01 0.00±0.00 0.01±0.01 0.0067±0.0127ab
8/15 0.01±0.02 0.02±0.01 0.01±0.01 0.01±0.02 0.00±0.00 0.01±0.01 0.0083±0.0131a 
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found in any plots.  These insects were found again on 28 July only in DP985 
cotton in both untreated and treated plots.  The highest numbers of coccinellids 
occurred on the first sampling date, July 18 (Table 6). 
Second Trial   
 Broad spectrum insecticide treatments in conventional cotton significantly 
affected numbers of cotton aphids (F=19.78, DF=7, p < 0.0001), fungus infected 
aphids (F =9.38, DF=7, p < 0.0001), and mummified aphids (F = 2.36, DF=7, p = 
0.0395). This experiment was designed as a split plot randomized block design. 
Significance difference comparisons for aphid numbers in Table 1 are between 
treatments by date as seen in the first trial. Aphid populations were high at the 
beginning of sampling (17-27 July).  During that time, there were higher levels of 
aphids, fungus infection and mummified aphids in treated plots than in untreated 
plots.  There was a positive correlation between numbers of aphids and fungus 
infection levels and between numbers of aphids and aphid mummification.  All of 
these were higher in treated than in untreated plots (Table 7).  
 The numbers of lacewings were not affected by insecticide treatments 
(F=0.11, DF=1, p=0.7618).  However, numbers of this insect were different on 
different dates (F=8.84, DF=7, p<0.0001) with higher levels at the end of the 
season (Table 8). Numbers of coccinellids were not affected by insecticide 
treatments or sampling date (F=1.13, DF=21, p=0.3551). Numbers of coccinellids 
were low throughout the season (Table 9). 
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 Table 6. Effect of broad-spectrum insecticide, cotton variety, and sample date on coccinellid 
populations (mean±SE) at Bubba Bamberg, 2001 
 
Numbers of coccinellids in each insecticide treatment and cotton variety (numbers/leaf) 
Untreated Treated 
Date 
DP50 DP50B DP985 DP50 DP50B DP985 
Average* 
7/18 0.01±0.01 0.00±0.00 0.01±0.01 0.02±0.03 0.01±0.02 0.01±0.01 0.0083±0.0155a 
7/21 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000±0.0000b 
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000±0.0000b 
7/28 0.00±0.00 0.00±0.00 0.01±0.01 0.00±0.00 0.00±0.00 0.01±0.01 0.0017±0.0056ab
8/1 0.00±0.00 0.01±0.01 0.00±0.00 0.00±0.00 0.01±0.01 0.02±0.02 0.0042±0.0102ab
8/8 0.00±0.00 0.00±0.00 0.01±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.0008±09.0041b
8/15 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.0000±0.0000b 
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* means within column followed by the same letter are not significantly different p >0.05. 
 
 
Table 7. Effect of a broad-spectrum insecticide on cotton aphid populations, levels of fungus 
infection, and aphid mummification  (mean±SE) at Pear Tree Field Edisto REC,  2001 
 
Numbers of aphids (/leaf) % Infection by N. fresenii % mummified aphid 
Date 
Untreated Treated Untreated Treated Untreated Treated 
7/17 5.94±6.99b 19.82±4.47a 3.05±4.39b 25.32±2.85a 0.00±0.00b 0.57±0.39a
7/20 6.72±5.29b 33.63±10.88a 12.40±8.41a 36.88±15.44a 0.44±0.52b 0.73±0.22a
7/24 2.67±1.28b 19.24±3.57a 26.67±17.46b 67.10±36.34a 0.23±0.46b 0.67±0.49a
7/27 1.32±0.68b 9.61±2.86a 11.34±9.07b 92.35±4.04a 0.00±0.00b 1.54±0.43a
7/31 0.58±0.33a 1.79±0.84a 4.11±5.89b 81.18±10.45a 0.00±0.00 0.00±0.00 
8/3 0.69±0.18a 0.92±0.44a 1.97±3.95b 49.44±19.51a 0.00±0.00 0.00±0.00 
8/9 1.08±0.44a 0.82±0.40a 0.00±0.00a 14.30±14.43a 0.00±0.00 0.00±0.00 
8/15 1.74±0.88a 0.95±0.54a 0.00±0.00a 0.00±0.00a 0.00±0.00 0.00±0.00 
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*In each category, means within a date followed by the same letter are not significantly different  
p>0.05.   
 
 
  
Table 8. Effect of a broad-spectrum insecticide and sample date (mean±SE) on 
lacewing populations at Pear Tree Field Edisto REC,  2001 
 
Numbers of lacewings in each insecticide treatment 
(numbers/leaf) Date 
Untreated Treated Average* 
7/17 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000b 
7/20 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000b 
7/24 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000b 
7/27 0.0100±0.0200 0.0000±0.0000 0.0050±0.0141b 
7/31 0.0100±0.0200 0.0000±0.0000 0.0050±0.0141b 
8/3 0.0100±0.0115 0.0200±0.0163 0.0150±0.0141b 
8/9 0.0475±0.0574 0.0675±0.0574 0.0575a±0.0542b 
8/15 0.1125±0.754 0.1250±0.1185 0.1188±0.0922a 
* means within column followed by the same letter are not significantly different p 
>0.05. 
 
 
 
 
 
Effect of Insecticides Denim®, Karate®, Steward®, and Tracer® on Cotton Aphid 
Populations and Fungal Infection of Aphids 
 
 The four insecticides tested had significantly different effects on cotton 
aphid populations (F=2.56, DF=40, p<0.0001). The experiment was arranged in a 
split plot randomized block design.  Significance difference comparisons for 
aphid numbers in Table 10 are between treatments by date. The highest aphid  
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Table 9. Effect of a broad-spectrum insecticide on coccinellid populations 
(mean±SE) at Pear Tree Field Edisto REC, 2001 
 
Numbers of coccinellids in each insecticide treatments 
(numbers/leaf) Date 
Untreated Treated Average 
7/17 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/20 0.0050±0.0100 0.0000±0.0000 0.0025±0.0071 
7/24 0.0050±0.0100 0.0000±0.0000 0.0025±0.0071 
7/27 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/31 0.0100±0.0200 0.0050±0.0100 0.0075±0.0149 
8/3 0.0100±0.0115 0.0050±0.0100 0.0075±0.0104 
8/9 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/15 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
means within column or rows without letter are not significantly different p >0.05 
 
 
 
 
 populations occurred on the first date of sampling and decreased until the end of 
sampling  (Table 10).  Significant difference between insecticides occurred only 
on the first three sampling dates (17, 20, and 24 July).  The aphid populations 
were lower in plots treated with emamectin benzoate and spinosad on the first 
two sampling dates (17 and 24 July) compared to untreated plots. On 20 July, 
only emamectin benzoate plots had lower aphid populations (Table 10).    
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Table 10. Effect of four insecticides on aphid populations (mean±SE) at Center 
Pivot, Edisto REC, 2001  
 
Numbers of aphids in each insecticide treatment (aphids/leaf) 
Date 
emamectin 
benzoate λ–cyhalothrin indoxacarb spinosad untreated 
7/17  22.89±8.39c 69.20±16.90a 62.32±6.47a 40.81±21.49b 62.38±26.64a 
7/20  8.31±4.89b 16.56±5.43a 18.30±5.76a 14.48±9.11ab 21.31±13.23a 
7/24  7.06±5.48b 13.79±3.53a 14.30±5.59a 8.89±5.75ab 14.41±8.89a 
7/27  5.47±3.20 8.28±2.87 10.32±4.24 6.58±3.94 11.80±7.75 
7/31  3.95±1.84 4.44±1.06 6.45±3.05 3.56±1.66 6.50±3.88 
8/3  2.63±0.72 3.67±1.17 4.71±2.35 3.97±1.24 5.64±3.42 
8/9  3.25±1.22 2.78±1.31 7.48±2.15 5.21±1.52 4.86±2.10 
8/16  4.93±3.06 4.19±1.54 9.93±1.78 6.36±2.32 7.13±2.48 
8/24  2.02±0.96 2.24±1.93 4.85±2.66 2.52±1.32 2.70±0.67 
8/31  0.78±0.98 0.84±0.66 2.46±1.28 1.22±0.80 0.91±1.21 
9/7  0.20±0.07 0.21±0.14 0.24±0.18 0.12±0.07 0.26±0.33 
Means within a date followed by the same letter are not significantly different p>0.05.  
Means within date without letter are not significantly different p > 0.05 
 
 
 
 
 It did not appear that any of the insecticides had effects on N. fresenii 
infection levels (F=1.22, DF=40, p=0.1979).  However, levels changed as the 
season progressed (F=49.14, DF=10, p<0.0001).  Infection levels were high from 
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July 17 through August 3 with peak infection on 27 July.  After this date, infection 
levels dropped off as the epizootic ended (Table 11). 
 
 
 
Table 11. Effect of four insecticides and sample date on levels of fungus infection in cotton 
aphid (mean±SE) at Center Pivot Edisto REC, 2001  
 
% infection by N. fresenii in each insecticide treatment 
Date emamectin 
benzoate λ–cyhalothrin indoxacarb spinosad untreated average* 
7/17  59.75±15.77 28.15±10.16 43.67±18.40 43.19±31.08 44.30±28.77 43.81±22.31a
7/20  79.97±13.99 43.18±20.84 57.96±12.50 58.38±37.53 60.77±42.35 60.05±27.84a
7/24  53.82±38.30 52.03±33.69 80.77±18.16 61.80±31.08 74.85±41.83 64.65±32.07a
7/27  77.82±10.04 77.73±20.07 79.53±18.42 53.98±43.11 72.92±45.77 72.40±29.18a
7/31  51.05±16.93 55.33±27.57 64.27±24.95 38.49±36.55 57.89±41.07 53.40±28.61a
8/3  36.96±10.46 50.20±30.22 36.52±24.83 37.79±36.98 56.08±37.43 43.51±27.66a
8/9  10.16±7.95 10.47±6.60 10.94±7.15 7.6±17.37 20.04±14.65 11.84±9.30b 
8/16  2.42±284 4.22±6.29 12.39±6.75 3.60±2.80 7.99±9.85 6.12±6.73b 
8/24  6.08±1.27 2.34±2.58 17.32±11.82 4.23±3.79 5.17±4.56 7.03±7.65b 
8/31  20.44±15.08 4.30±4.97 62.33±9.04 28.25±16.32 18.09±21.12 26.68±23.72b
9/7  0.00±0.00 0.00±0.00 8.33±16.67 0.00±0.00 0.00±0.00 1.67±7.45c 
* means within column followed by the same letter are not significantly different p >0.05.  Mean 
without letter are not significantly different p >0.05  
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None of the insecticides had significant effects on lacewing populations 
(F=0.73, DF=40, p=0.8748).  However, population levels varied significantly 
among sampling dates (F=9.69, DF=10, p<0.0001). These insects occurred for 
the first time on July 27 and numbers increased to a peak on 9 August (Table 
12). 
 Coccinellid populations were not affected by insecticides and levels did 
not vary between dates (F=1.11, DF=69, p=0.2914).  Populations of this insect 
were low during the cotton season in all plots.  They were found in the field only 
on 17, 20, 27, and 31 (Table 13). 
Effect of Neonicotinoids and Dicrotophos on Aphid Numbers and N. fresenii 
 This experiment was designed as a split plot randomized block design 
consisting of four blocks.  Infection levels of N. fresenii varied significantly among 
insecticide treatments on different sampling dates (F=2.86, DF=21, p=0.0004).  
Significance difference comparisons for N. fresenii infection levels in Table 14 
are among treatments by date.  Infection by this fungus occurred in the field for 
the first time on 2 July in all treatment plots except the acetamiprid plots.  
Differences in infection levels among treatments occurred only on 12 and 16 
July. On 12 July, infection levels were much lower in acetamiprid, imidacloprid, 
and dicrotophos plots than in thiamethoxam and untreated plots.  On 16 July, 
lower infection levels occurred only in acetamiprid plots and these were 
significantly lower than in dicrotophos plots (Table 14). 
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Table 12. Effect of four insecticides and sample date on lacewing populations (mean±SE) Center Pivot 
Edisto REC, 2001 
 
Numbers of lacewings in each insecticide treatment (numbers/leaf) 
Date 
emamectin 
benzoate Λ–cyhalothrin Indoxacarb spinosad untreated average* 
7/17  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000d 
7/20  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000d 
7/24  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000d 
7/27  0.0000±0.0000 0.0100±0.0200 0.0000±0.0000 0.0450±0.0545 0.0000±0.0000 0.0110±0.0292cd 
7/31  0.0050±0.0100 0.0050±0.0100 0.0200±0.0283 0.0100±0.0200 0.0100±0.0115 0.0100±0.0165cd 
8/3  0.0250±0.0191 0.0325±0.0427 0.0200±0.0283 0.0325±0.0250 0.0150±0.0191 0.0250±0.0261bc 
8/9  0.0675±0.0427 0.0625±0.0850 0.0350±0.0100 0.0325±0.0525 0.0600±0.0245 0.0515±0.0469a 
8/16  0.0475±0.0299 0.0550±0.0436 0.0300±0.0258 0.0425±0.0850 0.0100±0.0200 0.0370±0.0449ab 
8/24  0.0200±0.0231 0.0250±0.0300 0.0200±0.0283 0.0150±0.0191 0.0150±0.0191 0.0190±0.0220bcd
8/31  0.0100±0.0200 0.0050±0.0100 0.0175±0.0126 0.0300±0.0258 0.0050±0.0100 0.0135±0.0179bcd
9/7  0.0050±0.0100 0.0100±0.0200 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0030±0.0098cd 
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means within column followed by the same letter are not significantly different p >0.05.  
 
 
 
Table 13. Effect of four insecticides and sample date on coccinellid populations (mean±SE) at 
Center Pivot Edisto REC, 2001 
 
Numbers of coccinellids in each insecticide treatment (numbers/leaf) 
Date 
emamectin 
benzoate Λ–cyhalothrin indoxacarb spinosad untreated average 
7/17  0.0100±0.0200 0.0000±0.0000 0.0175±0.0350 0.0000±0.0000 0.0175±0.0350 0.0090±0.0227 
7/20  0.0000±0.0000 0.0100±0.0200 0.0000±0.0000 0.0050±0.0100 0.0175±0.0350 0.0065±0.0179 
7/24  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/27  0.0000±0.0000 0.0050±0.0100 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0010±0.0045 
7/31  0.0000±0.0000 0.0050±0.0100 0.0000±0.0000 0.0100±0.0115 0.0000±0.0000 0.0030±0.0073 
8/3  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/9  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/16  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/24  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/31  0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
9/7 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
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means within column or row without letter are not significantly different p >0.05. 
 
 Table 14. Effect of neonicotinoid insecticides on N. fresenii infection levels 
(mean±SE)  in cotton aphids at the Sandifer Farm, Bamberg County, SC., 
2002 
 
% infection by N. fresenii in each insecticide treatment  
Date acetamiprid dicrotophos thiamethoxam imidacloprid untreated 
6/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/2 0.00±0.00 8.50±9.15 2.75±5.50 10.20±5.81 19.75±11.15 
7/5 7.92±9.17 12.00±4.32 5.00±10.00 6.58±13.16 14.83±13.79 
7/9 5.63±6.57  8.00±9.09 8.75±10.31 6.00±5.89 20.13±13.74 
7/12 38.75±35.06c 39.52±15.02c 95.39±6.74a 42.78±24.72bc 83.38±12.72ab
7/16 38.47±21.31b 81.15±10.47a 78.42±4.15ab 58.14±18.26ab 56.61±18.90ab
7/19 18.33±17.06 66.59±29.88 52.23±8.36 46.68±30.16 72.57±13.94 
7/23 - 100.00±0.00 - - 92.62±7.34 
Significant difference comparisons for means are among treatments by date. 
Means within a date followed by the same letter are not significantly different p >0.05.  
Means within a date without letters are not significantly different p > 0.05 
 
 
 
 
 
 
Through 9 July, infection levels were quite low, and then increased 
dramatically on 12 July, especially in thiamethoxam treated and in untreated 
plots, where levels reached 95% and 83%, respectively.  On 19 July, all fungus 
development stages were found in the field including resting spores and 
saprophytic fungi.  At the end of sampling, infection was only found in dicotro-
phos and untreated plots (Figures A1-A4).  
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  Numbers of cotton aphids obtained from samples varied significantly 
among insecticide treatments (F=24.05, DF=4, p<0.0001) and among sampling 
dates (F=8.80, DF=5, p<0.0001).  However, numbers did not differ significantly 
among treatments on individual dates (F=1.63, DF=20, p=0.0679).  The highest 
numbers of cotton aphids obtained per plot were in the dicotrophos treatment 
and these were significantly higher from neonicotinoid insecticide treatments.   
Numbers of aphids in acetamiprid and thiamethoxam plots were significantly 
lower than in untreated plots.  The highest numbers of aphids were collected in 
midseason (9, 12 and 16 July), with peak aphid numbers occurring on 12 July 
(Table 15).  
 Numbers of winged aphids did not differ significantly among insecticide 
treatments (F=1.37, DF=21, p=0.1602).  However, winged aphid populations 
significantly changed over time (F=5.26, DF=6, p=0.0002). Winged aphids 
occurred for the first time in the field on 2 July and reached peak populations on 
5 and 9 July.  Levels on these dates were significantly higher than on other dates 
(Table 16). 
 Levels of fungus-infected winged aphids were not affected by either 
insecticide treatments or date of sampling (F=1.17, DF=46, p=0.2617).  However, 
infection occurred on all sample dates (2 July-23 July) and ranged from 6.25% (5 
July) to 35.83% (16 July) (Table 17). 
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Table 15. Effect of insecticides and sample date on numbers of cotton aphids (mean±SE) collected from 
insecticide treated plots at the Sandifer Farm, Bamberg County, SC., 2002  
 
Numbers of cotton aphids in each insecticide treatment (aphids/sample) 
Date 
acetamiprid dicrotophos thiamethoxam imidacloprid untreated 
average 
7/2 18.50±21.25 50.00±0.00 8.75±4.50 27.25±17.45 42.50±15.00 29.40±19.98cd 
7/5 16.00±16.25 50.00±0.00 3.50±1.29 12.00±7.39 28.25±25.28 21.95±20.63d 
7/9 14.00±7.53 38.25±23.50 25.25±17.04 41.75±16.50 47.505.00 33.35±18.54abc
7/12 36.25±2.36 49.50±1.00 29.50±13.18 48.0±02.94 51.00±1.83 42.85±13.31a 
7/16 21.25±10.87 51.50±1.73 32.50±11.68 48.50±3.79 49.25±0.96 40.60±13.77ab 
7/19 9.75±6.55 47.50±3.11 11.7±53.59 31.5±018.63 49.75±2.99 30.05±19.24bcd
Average 19.29±15.96c 47.79±9.71a 18.54±14.47c 34.83±17.44b 44.71±13.49ab  
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Means within a row or column followed by the same letter are not significantly different p >0.05 
Means without letters in the same row are not significantly different p > 0.05 
 
 
Table 16. Effect of neonicotinoid insecticides and sample date on percentage of winged aphids in 
cotton aphid populations (mean±SE) at the Sandifer Farm, Bamberg County, SC., 2002  
 
% of aphids that were winged in each of the insecticide treatments 
Date 
acetamiprid dicrotophos thiamethoxam imidacloprid untreated 
average* 
7/2 9.38±11.97 2.00±1.63 10.84±13.16 3.61±5.24 0.00±0.00 5.16±8.57b 
7/5 24.17±19.08 0.00±0.00 45.00±52.60 12.28±15.89 11.33±15.29 18.56±28.58a 
7/9 16.47±22.73 2.50±5.00 8.52±6.25 4.50±5.26 0.00±0.00 6.40±11.44a 
7/12 3.75±3.50 0.50±1.00 1.55±1.99 1.00±2.00 2.93±1.95 1.95±2.35b 
7/16 0.00±0.00 2.42±1.81 0.00±0.00 1.09±1.27 2.53±2.51 1.21±1.75b 
7/19 5.28±6.11 2.21±2.55 0.00±0.00 0.00±0.00 0.49±0.98 1.59±3.37b 
average* 8.28±9.86a 5.87±9.86a 3.33±9.86a 1.66±9.86a 1.60±1.07a  
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*means within column followed by the same letter are not significantly different p >0.05 
 
Table 17. Effect of neonicotinoid insecticides on levels of  fungus infection in winged aphids (mean±SE) 
at the Sandifer Farm, Bamberg County, SC., 2002  
 
% infection by N. fresenii in each insecticide treatment 
Date 
acetamiprid dicrotophos thiamethoxam imidacloprid untreated 
average* 
7/2 0.00±0.00 25.00±50.00 0.00±0.00 25.00±50.00 0.00±0.00 10.00±30.78a 
7/5 0.00±0.00 0.00±0.00 6.25±12.50 25.00±50.00 0.00±0.00 6.25±22.76a 
7/9 6.25±12.50 15.00±30.00 25.00±50.00 33.33±47.14 0.00±0.00 15.92±32.66a 
7/12 25.00±50.00 0.00±0.00 50.00±57.74 12.50±25.00 62.50±47.87 30.00±44.13a 
7/16 0.00±0.00 62.50±47.87 0.00±0.00 50.00±57.74 66.67±47.14 35.83±46.60a 
7/19 50.00±57.74 37.50±47.87 0.00±0.00 0.00±0.00 25.00±50.00 22.50±41.28a 
average* 13.54±20.32a 16.40±20.32a 21.25±20.32a 19.17±20.32a 23.33±24.07a  
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*means within column followed by the same letter are not significantly different p >0.05. 
means without letter are not significantly different p >0.05. 
 
 
 Effects of Neonicotinoid Insecticides and Irrigation on Number of Cotton Aphids, 
Fungus-Infected Aphids, and other Natural Enemies  
 
Insecticide Treatments Based on Aphid Infestation Levels (AIL) in 2002 
 
 This experiment was arranged in a split-split plot design with four 
replications.   There were significant differences in numbers of aphids among 
locations and among insecticide treatments (F=4.23, DF=36, p<0.0001).  
Significance difference comparisons for aphid numbers on Table 18 are among 
treatments by date.  Significant differences among insecticide treatments at both 
locations occurred from 28 June through 10 July and on 17 July.  On 28 June, 
numbers of aphids in untreated plots in the dryland field were not significantly 
different from the irrigation fields.  Aphid numbers in these untreated plots were 
significantly higher than in the neonicotinoid insecticide tested plots, except for 
the thia1 treatment in the irrigation field. The thia1 treatment in the irrigation field  
had aphid numbers higher than in other neonicotinoid treatments, except for the 
ace and thia1 treatments in the dryland field. 
 On 3 and 17 July, aphid numbers in the untreated dryland plots were 
higher than in the untreated irrigation plots.  On 3 July, untreated plots in both 
fields had significantly higher aphid numbers than those in the neonicotinoid 
plots.  However, on 17 July, only untreated plots in the dryland field had 
significantly higher aphid numbers than insecticide treated plots.    On those 
days, there were no significant differences in numbers of aphids among 
neonicotinoid treatments in both dryland and irrigation field.  On 6 and 10 July,  
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 Table 18. Effect of neonicotinoid insecticides and irrigation on cotton aphid populations 
(mean±SE)  (treatments based on AIL) at Edisto REC, 2002  
 
Numbers of aphids in each insecticide treatment and irrigation (aphids/leaf) 
Date Location 
thia1 thia2 ace thia3 untreated 
6/28 Irrigation 17.44±33.71ab 0.00±0.00c 0.36±0.09c 0.00±0.00c 17.76±7.15a 
 Dryland 1.58±0.66bc 0.00±0.00c 1.58±0.97bc 0.00±0.00c 12.68±1.86a 
7/3 Irrigation 0.21±0.11c 1.32±2.43c 0.10±0.16c 4.61±2.33c 22.84±3.57b 
 Dryland 1.24±0.35c 0.65±0.26c 0.46±0.23c 3.40±3.07c 75.57±22.10a 
7/6 Irrigation 0.78±0.35d 1.13±0.48d 0.73±0.20d 10.64±7.80c 62.17±44.19a 
 Dryland 2.15±0.93cd 1.56±1.12cd 1.79±0.59cd 1.80±0.54cd 20.16±6.08b 
7/10 Irrigation 3.58±1.54c 2.32±0.95c 4.18±1.10c 2.52±1.02c 31.05±24.06a 
 Dryland 8.38±2.79bc 6.59±3.49c 5.78±1.55c 4.75±2.64c 20.76±9.41ab 
7/13 Irrigation 2.74±1.02 2.76±2.12 4.20±1.93 1.43±0.39 3.34±2.18 
 Dryland 4.53±0.95 3.65±1.29 2.43±1.08 5.36±1.04 30.39±8.51 
7/17 Irrigation 1.21±0.34b 1.17±0.72b 2.30±1.59b 0.99±0.48b 2.30±3.41b 
 Dryland 0.73±0.36b 1.46±0.89b 1.49±1.30b 5.43±4.39b 6.31±8.84a 
7/20 Irrigation 2.51±0.72 4.72±2.54 5.25±3.75 3.73±2.50 1.80±0.85 
 Dryland 0.56±0.13 1.04±0.31 1.12±0.77 4.73±1.55 3.38±3.41 
7/24 Irrigation 2.21±0.98 4.52±2.46 4.08±2.20 3.52±0.72 2.39±0.09 
 Dryland 1.01±0.76 1.45±2.13 1.48±1.40 2.27±1.11 3.03±1.99 
7/27 Irrigation 0.94±0.67 1.25±0.69 2.64±2.46 1.87±1.77 1.59±0.83 
 Dryland 0.27±0.13 1.55±2.01 0.65±0.21 0.58±0.36 0.89±0.35 
7/31 Irrigation 0.82±0.62 0.55±0.33 0.84±0.65 1.08±0.91 1.39±0.63 
 Dryland 0.05±0.04 0.07±0.07 0.12±0.13 0.14±0.10 0.16±0.04 
thia1= thiamethoxam 0.05 kg/ha for free-aphid treatment, thia2= thiamethoxam 0.05 kg/ha when 
5 or more aphid per plant, ace= acetamiprid 0.05 kg/ha when 30% of plant infested, thia3= 
thiamethoxam 0.05 kg/ha when 90% of plant infested.   Means within a row followed by the same 
letter are not significantly different p >0.05.  Means without letters in the same row are not 
significantly different p > 0.05 
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 aphid numbers in untreated irrigation plots were significantly higher than those in 
untreated dryland plots.   Aphid numbers in all untreated plots were significantly 
higher than in neonicotinoid treatment plots, except thia1 in the dryland fields on 
10 July (Table 18).  Data in this Table shows that there were no differences in 
aphid numbers among neonicotinoid insecticide treatments based on AIL, 
indicating that growers could possibly delay insecticide treatment in the field even 
until 90% of the plants are infested.  
 In comparing infection levels in aphid populations by N. fresenii, there 
were no significant differences among locations on any given date (F=1.29, 
DF=36, p=0.1364).  However, there were differences among treatments on 
certain dates (F=1.66, DF=36, p=0.0134).    Significance difference comparisons 
for aphid numbers on Table 19 are among treatments by date.   Table 19 and 
Figures B1-B4 (Appendices) show that cotton aphid infection occurred for the 
first time on 3 July and continued through 24 July, 2002.  Only on 3, 10, and 24 
July, infection levels were significant different among insecticide treatments.  On 
3 July, infection levels in untreated plots were significantly higher than in thia1 
and ace plots. On 10 and 24 July, only in the ace treated plots, the infection 
levels were lower than in untreated plots (Table 19).      
 Figures B1-B4 that are shown in the appendices show that during the 
early stages of the epizootic of N. fresenii, most aphids contained only the hyphal 
body stage of the fungus.  Infection levels were less than 50% until 17 July.  At  
 
 55
Table 19. Effect of neonicotinoid insecticides and irrigation on levels of fungus infection in cotton aphids 
(mean±SE)  (treatments based on AIL) at Edisto REC, 2002   
 
% infection by N. fresenii in each insecticide treatment  
Date Location 
thia1 thia2 ace thia3 untreated 
6/28 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 average 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
       
7/3 Irrigation 8.33±16.67 6.73±13.46 0.00±0.00 6.00±5.19 9.07±4.49 
 Dryland 0.00±0.00 11.29±11.49 0.00±0.00 6.11±4.34 23.95±9.19 
 average 4.17±11.78b 9.01±11.84ab 0.00±0.00b 6.05±4.43ab 16.51±10.40a 
       
7/6 Irrigation 34.55±44.56 29.51±20.58 13.02±16.17 7.96±5.66 8.36±3.92 
 Dryland 12.08±14.18 20.42±16.69 18.75±21.92 13.96±13.94 38.89±16.76 
 average 23.31±32.88 24.97±18.01 15.89±18.09 10.96±10.36 23.63±19.83 
       
7/10 Irrigation 19.02±10.20 14.11±7.23 17.45±6.68 18.82±12.99 34.12±20.46 
 Dryland 25.02±8.61 25.81±12.07 23.74±16.09 38.86±15.54 60.45±11.80 
 average 22.02±9.31ab 19.96±11.13ab 20.59±11.89b 28.84±17.05ab 47.29±20.91a 
       
7/13 Irrigation 32.03±16.98 27.16±14.68 18.19±4.42 13.15±2.87 30.85±12.27 
 Dryland 24.65±12.48 24.95±9.02 17.62±3.80 33.17±3.85 39.87±7.33 
 average 28.34±14.35 26.05±11.35 17.90±3.38 23.16±11.16 35.36±10.52 
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Table 19. Continued 
 
% infection by N. fresenii in each insecticide treatment  
Date Location 
thia1 thia2 ace thia3 untreated 
7/17 Irrigation 39.73±14.05 37.50±12.58 21.28±12.50 17.12±4.88 48.41±18.58 
 Dryland 32.43±14.06 39.05±15.20 34.53±9.67 33.78±23.08 49.82±12.31 
 average 36.08±13.59 38.28±12.95 27.90±12.54 25.45±17.83 49.12±14.61 
       
7/20 Irrigation 36.00±9.73 40.56±14.69 48.99±11.85 39.26±12.46 42.84±7.05 
 Dryland 27.43±12.29 46.65±19.32 57.74±11.60 64.07±19.26 70.03±18.61 
 average 31.71±11.24 43.60±16.22 53.37±11.82 51.66±20.04 56.44±19.52 
       
7/24 Irrigation 80.87±10.41  66.59±21.41 80.56±14.19 74.61±16.40 79.25±5.01 
 Dryland 60.80±32.39 67.27±22.74 29.17±20.97 82.36±16.85 82.39±21.98 
 average 70.84±24.72ab 66.93±20.45ab 54.86±32.09b 78.48±15.94a 80.82±14.86a 
       
7/27 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 average 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
       
7/31 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 average 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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thia1= thiamethoxam 0.05 kg/ha for free-aphid treatment, thia2= thiamethoxam 0.05 kg/ha when 5 or more  
aphid per plant, ace= acetamiprid 0.05 kg/ha when 30% of plant infested, thia3= thiamethoxam 0.05 kg/ha  
when 90% of plant infested.   Means within a row followed by the same letter are not significantly different  
p >0.05.  Means without letters in the same row are not significantly different p > 0.05 
 
 
 the end of the season, all fungus stages were found in the field including resting 
spores and saprophytic fungi. 
 Winged aphid numbers differed significantly among locations and among 
treatments (F=2.61, DF=36, p<0.0001). Significance difference comparisons for 
aphid numbers on Table 20 are among treatments by date.  Winged aphids were 
first observed on 3 July and increased to peak levels on 6 and 10 July (Table 20).  
There were differences among treatments in levels of winged aphids from 3 July 
through 17 July.  On 3 July, in the irrigated field, percentages of winged aphids 
were higher in the thia1 and ace treatments than in the untreated plots.  On 6 
and 10 July, winged aphid levels in all insecticide treatments in the dryland field 
and the thia1 and ace treatments in the irrigation field were significantly higher 
than those in the untreated plots. On 13 July, only the thia1 treatment in the 
irrigation field had winged aphid levels significantly higher than those in the 
untreated plots in the dryland field.  On 17 July, only the ace treatment in the 
dryland field had winged aphid levels higher than in all insecticide treatments in 
the irrigation field, except the thia1 treatment (Table 20).  
 The fungus development stages observed in neonicotinoid insecticide 
plots in both irrigation and dryland fields are shown in Figures C-1-C-4 
(Appendices).  All fungus development stages were found at the end of the 
season, including resting spores and saprophytic fungi. 
 Similar to data on winged aphid populations, the levels of fungal-infected 
winged aphids differed significantly among locations and among treatments (F= 
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 1.56, DF=36, p<0.0292).  Although infected winged aphids were observed as 
early as 6 July, differences in infection levels among treatments only occurred on 
17, 20, and 24 July.  On 17 July, infected winged aphids were found in all 
treatments, except the ace treatment in the irrigation field.  On 20 July, levels of 
fungus-infected winged aphids were significantly lower in the thia1, thia2, and 
thia3 treatments than in the ace treatment in the dryland field (Table 21). 
Insecticide Treatments Based on Aphid Infestation Level (AIL) in 2003 
 Initially, three treatments were planned for each location (dryland and 
irrigation): thiamethoxam at 0.05 kg/ha designed to produce aphid-free plots, 
thiamethoxam at 0.05 kg/ha when 30% of cotton plants were infested, and 
untreated. However, since the infested plants never reach 30%, we decided to 
have only two treatments: thiamethoxam at 0.05 kg/ha and untreated.  
 Results from the neonicotinoid insecticide treatments in 2003 were quite 
different from those in 2002.  In 2003, there were no significant differences in 
cotton aphids among treated and untreated plots at either location (F=0.78, 
DF=10, p=0.6432).  However, there were significant differences among locations 
(F=56.03, DF=10, p<0.0001).  Significance difference comparisons for aphid 
numbers on Table 22 are between locations by date. For the August sampling 
dates, aphid populations were higher in the dryland field than in the irrigation 
field.   
In addition to significant differences in aphid population levels among 
locations, there were also significant differences between locations in levels of 
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 infection by N. fresenii (F=29.90, DF=6, p<0.0001).  The first infected aphids 
were observed on 22 July, almost one month after the first cotton aphids were 
found in the field.  Fungal Infection occurred in the dryland field from 22 July 
through 21 August and in the irrigation field from 22 July through 15 August.  
Infection levels in the dryland field were significantly higher than in the irrigation 
filed on 12 August through 21 August (Table 23). Figure D-1 shows fungus 
developmental stage in both dryland and irrigation fields during the season There 
were also significantly differences between locations in levels of mummified 
aphids (F=5.79, DF10, p<0.0001).  Mummified aphids were not found in the 
untreated irrigation field.  On 8 August through 21 August, aphid mummification 
levels were higher in the dryland field than in the irrigation field (Table 24). 
 There were significant differences in levels of winged aphid populations 
between treatments and between locations on different sampling dates (F=2.71, 
DF=6, p=0.0177).  Significance difference comparisons for aphid numbers on 
Table 25 are between treatments by date.  The first winged aphids were 
observed on 29 July and were found through 21 August.  However, populations 
of winged aphids in the thiamethoxam treated plots in the irrigation field on 8 
August were higher than other treatments (Table 25).   These winged aphids in 
the irrigation field probably came from the heavily infested dryland field which 
was only separated from the irrigation field by a 6 m wide road.  
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Table 20. Effect of neonicotinoid insecticides and irrigation on percentage of winged aphids in cotton 
aphid populations (mean±SE)  (treatments based on AIL) at Edisto REC, 2002   
 
% infection by N. fresenii in each insecticide treatment  
Date Location 
thia1 thia2 ace thia3 untreated 
6/28 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/3 Irrigation 33.33±47.14bc 2.27±4.55c 16.67±33.34c 0.69±0.84c 1.48±1.88c 
 Dryland 78.98±21.91a 16.70±22.56c 63.33±42.69ab 2.40±1.08c 2.31±2.28c 
7/6 Irrigation 73.11±43.39a 5.90±6.84b 78.69±34.78a 0.99±1.14b 1.02±2.04b 
 Dryland 93.75±12.50a 96.88±6.25a 97.50±5.00a 74.48±18.66a 3.92±2.81b 
7/10 Irrigation 30.01±6.43a 21.74±17.05bc 36.15±22.23abc 14.47±18.96bc 3.24±1.92c 
 Dryland 75.36±29.98a 74.20±25.16a 45.59±9.55ab 51.38±21.23ab 4.62±5.62c 
7/13 Irrigation 36.10±15.39a 21.65±19.59ab 16.69±6.87ab 32.10±14.99ab 6.57±5.87ab 
 Dryland 31.87±6.60ab 31.24±12.71ab 24.78±9.49ab 23.48±4.20ab 1.92±2.22b 
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Table 20. Continued 
 
% infection by N. fresenii in each insecticide treatment  
Date Location 
thia1 thia2 ace thia3 untreated 
7/17 Irrigation 10.88±8.92abc 3.50±4.73bc 1.79±3.57c 5.88±11.77bc 12.70±11.81abc 
 Dryland 33.82±21.28ab 26.76±30.06abc 37.80±18.29a 2.76±2.25abc 4.20±7.18abc 
7/20 Irrigation 0.00±0.00 1.73±3.45 1.61±2.07 0.83±1.67 2.09±2.61 
 Dryland 11.81±13.68 8.42±11.40 27.15±33.37 2.83±3.79 18.41±18.12 
7/24 Irrigation 2.27±4.55 0.00±0.00 0.00±0.00 0.00±0.00 5.40±3.79 
 Dryland 2.63±5.27 8.57±10.17 9.37±16.09 6.95±13.89 0.00±0.00 
7/27 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/31 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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thia1= thiamethoxam 0.05 kg/ha for free-aphid treatment, thia2= thiamethoxam 0.05 kg/ha when 5 or more aphid 
per plant, ace= acetamiprid 0.05 kg/ha when 30% of plant infested, thia3= thiamethoxam 0.05 kg/ha when 90% of 
plant infested.   Means within a row followed by the same letter are not significantly different p >0.05.  Means 
without letters in the same row are not significantly different p > 0.05 
 
Table 21. Effect of neonicotinoid insecticide treatments and irrigation on levels of fungus infection in 
winged cotton aphids (mean±SE)  (treatments based on AIL) at Edisto REC, 2002   
 
% infection by N. fresenii in each irrigation and insecticide treatment 
Date Location 
thia1 thia2 ace thia3 untreated 
6/28 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/3 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/6 Irrigation 30.00±47.61 0.00±0.00 11.91±15.79 0.00±0.00 0.00±0.00 
 Dryland 12.08±14.18 21.31±17.10 18.75±21.92 16.75±19.71 41.67±50.00 
7/10 Irrigation 18.33±21.34 17.50±23.63 36.91±17.00 25.00±50.00 0.00±0.00 
 Dryland 27.19±3.29 30.69±19.93 15.41±16.66 20.13±17.51 48.22±40.98 
7/13 Irrigation 44.61±25.43 43.34±41.63 33.33±23.57 25.84±21.15 33.33±23.57 
 Dryland 46.81±22.31 34.40±31.09 32.58±17.65 43.89±16.06 0.00±0.00 
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Table 21. Continued 
 
% infection by N. fresenii in each irrigation and insecticide treatment 
Date Location 
thia1 thia2 ace thia3 Untreated 
7/17 Irrigation 12.50±25.00ab 25.00±50.00ab 0.00±0.00b 12.50±25.00ab 25.00±50.00ab 
 Dryland 7.15±14.29ab 35.00±47.26ab 60.83±28.33ab 75.00±50.00a 28.57±48.09ab 
7/20 Irrigation 0.00±0.00b 25.00±50.00b 50.00±57.74ab 25.00±50.00b 50.00±57.74ab 
 Dryland 37.50±47.87ab 50.00±57.74ab 100.00±0.00a 50.00±57.74ab 62.50±47.87ab 
7/24 Irrigation 25.00±50.00ab 0.00±0.00b 0.00±0.00b 0.00±0.00b 75.00±50.00a 
 Dryland 12.50±25.00ab 50.00±57.74ab 50.00±57.74ab 25.00±50.00ab 0.00±0.00b 
7/27 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/31 Irrigation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
 Dryland 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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thia1= thiamethoxam 0.05 kg/ha for free-aphid treatment, thia2= thiamethoxam 0.05 kg/ha when 5 or more aphid 
per plant, ace= acetamiprid 0.05 kg/ha when 30% of plant infested, thia3= thiamethoxam 0.05 kg/ha when 90% of 
plant infested.   Means within a row followed by the same letter are not significantly different p >0.05.  Means 
without letters in the same row are not significantly different p > 0.05 
 
 Table 22. Effect of thiamethoxam and irrigation on cotton aphid populations (mean±SE)  at 
Edisto REC, 2003  
 
Numbers of aphids in each irrigation and thiamethoxam treatment (aphids/leaf) 
Dryland Irrigation Date 
thiamethoxam untreated average* thiamethoxam untreated average* 
7/8 2.03±0.67 3.62±0.90 2.82±1.12 n/a 0.45±0.25 0.45±0.25 
7/11 0.40±0.32 4.42±1.81 2.41±2.45 n/a 0.75±0.26 0.75±0.26 
7/15 0.35±0.18 1.42±0.62 0.89±0.71 n/a n/a n/a 
7/18 0.27±0.13 1.12±0.79 0.70±0.69 0.30±0.08 1.07±0.72 0.69±0.63 
7/22 0.13±0.09 0.51±0.46 0.32±0.37 0.12±0.13 0.28±0.25 0.20±0.21 
8/5 12.80±6.29 24.93±9.45 18.86±9.91a 0.91±0.95 1.26±0.19 1.09±0.67b
8/8 24.93±6.59 32.89±16.80 28.91.39±12.74a 0.42±0.18 0.68±0.41 0.55±0.33b
8/12 32.33±7.94 41.34±16.16 36.83±12.91a 0.79±0.42 1.06±0.36 0.93±0.39b
8/15 18.10±3.82 14.37±3.25 16.23±3.88a 1.35±0.46 1.74±0.59 1.54±0.54b
8/18 6.19±0.77 4.03±2.70 5.11±2.19a 0.66±0.25 0.75±0.42 0.70±0.33b
8/21 1.47±0.76 1.54±1.23 1.50±0.97a 0.00±0.00 0.00±0.00 0.00±0.00b
* means within column followed by the same letter are not significantly different p >0.05. 
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 Table 23. Effect of thiamethoxam and irrigation on levels of fungus infection in cotton aphids 
(mean±SE)  at Edisto REC, 2003  
 
% infection by N. fresenii in each irrigation and thiamethoxam treatment  
Dryland Irrigation Date 
thiamethoxam untreated 
average* 
thiamethoxam untreated 
average* 
7/8 0.00±0.00 0.00±0.00 0.00±0.00 n/a 0.00±0.00 0.00±0.00 
7/11 0.00±0.00 0.00±0.00 0.00±0.00 n/a 0.00±0.00 0.00±0.00 
7/15 0.00±0.00 0.00±0.00 0.00±0.00 n/a n/a n/a 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/22 33.87±15.43 35.09±14.17 34.48±13.98 46.57±31.55 61.07±22.88 53.82±27.08 
8/5 68.13±12.12 83.48±4.52 75.81±11.83 75.41±15.59 61.61±24.50 68.51±20.68 
8/8 76.70±9.50 82.63±10.75 79.67±10.06 62.32±38.40 66.12±11.11 64.22±26.73 
8/12 90.49±7.84 95.87±2.73 93.18±6.22a 72.28±18.80 72.29±18.33 72.38±17.51b
8/15 95.68±3.02 95.05±2.14 95.36±2.49a 53.57±17.08 66.01±36.13 59.79±27.43b
8/18 83.87±14.33 91.49±6.57 87.68±11.25a 0.00±0.00 0.00±0.00 0.00±0.00b 
8/21 79.67±9.82 95.87±6.69 87.77±11.65a 0.00±0.00 0.00±0.00 0.00±0.00b 
means within column followed by the same letter are not significantly different p>0.05. 
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Table 24. Effect of thiamethoxam and irrigation on aphid mummification (mean±SE)  at Edisto 
REC, 2003   
 
% mummified aphids in each irrigation and thiamethoxam treatment 
Dryland Irrigation Date 
thiamethoxam untreated 
average* 
thiamethoxam untreated 
average* 
7/8 0.00±0.00 0.00±0.00 0.00±0.00 n/a 0.00±0.00 0.00±0.00 
7/11 0.00±0.00 0.00±0.00 0.00±0.00 n/a 0.00±0.00 0.00±0.00 
7/15 0.00±0.00 0.00±0.00 0.00±0.00 n/a n/a n/a 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/5 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/8 0.40±0.72 0.50±0.33 0.45±0.53a 0.26±0.43 0.00±0.00 0.13±0.32b 
8/12 0.47±0.69 0.49±0.34 0.48±0.51a 0.20±0.44 0.00±0.00 0.10±0.31b 
8/15 3.12±3.64 0.51±0.65 1.81±2.82a 0.07±0.17 0.00±0.00 0.04±0.12b 
8/18 2.93±6.56 0.00±0.00 1.47±4.64 0.00±0.00 0.00±0.00 0.00±0.00 
8/21 3.42±6.54 0.01±0.02 1.71±4.71a 0.00±0.00 0.00±0.00 0.00±0.00b 
means within column followed by the same letter are not significantly different p >0.05.  
Means within column with letter are not significantly different p >0.05 
 
 
 
 
Levels of fungus-infected winged aphids differed only among locations 
(F=7.49, DF=1, p=0.0180) with infections levels in the dryland field higher than 
those in the irrigation field (Table 26). 
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 Table 25. Effect of thiamethoxam and irrigation on percentage of winged 
aphids in cotton aphid populations (mean±SE) at Edisto REC, 2003   
  
% of aphids that were winged in each of the insecticide and irrigation 
treatments 
Dryland Irrigation 
Date 
thiamethoxam* untreated thiamethoxam* untreated 
7/8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/11 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/15 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/29 1.11±2.49 1.03±1.41 3.33±7.46 0.00±0.00 
8/5 1.08±1.12 0.55±0.76 4.71±8.68 1.54±3.44 
8/8 0.79±1.18b 1.30±1.29b 25.55±19.88a 0.00±0.00b 
8/12 1.17±1.23 2.75±4.62 0.00±0.00 0.80±1.79 
8/15 0.51±1.13 1.69±1.82 6.94±5.38 5.36±5.70 
8/18 6.60±6.90 4.47±5.90 0.00±0.00 0.00±0.00 
8/21 2.50±5.59 2.59±3.65 0.00±0.00 0.00±0.00 
*= thiamethoxam 0.05 kg/ha for free-aphid treatment.  Means within a row 
followed by the same letter are not significantly different p >0.05.   Means without 
letters in the same row are not significantly different p > 0.05 
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 Table 26. Effect of thiamethoxam and irrigation on levels of fungus infection 
in winged aphids (mean±SE) at Edisto REC, 2003   
 
% infection by N. fresenii in each irrigation and thiamethoxam 
treatment 
Dryland Irrigation 
Date 
thiamethoxam* untreated thiamethoxam* untreated 
7/8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/11 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/15 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/29 20.00±44.72 40.00±54.77 20.00±44.72 0.00±0.00 
8/5 50.00±50.00 40.00±54.77 20.00±44.72 20.00±44.72 
8/8 20.00±44.72 50.00±50.00 50.00±50.00 0.00±0.00 
8/12 30.00±44.72 17.50±39.13 0.00±0.00 20.00±44.72 
8/15 20.00±44.72 60.00±54.77 80.00±44.72 60.00±54.77 
8/18 33.33±47.14 60.00±54.77 0.00±0.00 0.00±0.00 
8/21 20.00±44.72 40.00±54.77 0.00±0.00 0.00±0.00 
average 35.77±46.63a 19.29±39.28b 
*= thiamethoxam 0.05 kg/ha for free-aphid treatment.  Means within a row 
followed by the same letter are not significantly different p >0.05. Means without 
letters in the same row are not significantly different p > 0.05 
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 Insecticide Treatments not Based on Aphid Infestation Level (non-AIL) in 2002 
 
 There were significant differences in aphid population levels among 
treatments and among locations on different sampling dates (F=4.25, DF=18, 
p<0.0001).  Significance difference comparisons for aphid population levels in  
Table 27 is between treatments by date.  On 28 June, aphid populations were 
found only in untreated plots in both dryland and irrigation fields.  On 6 July, 
untreated plots in the irrigation field had aphid numbers significantly higher than 
in acetamiprid plots in the irrigation field and thiamethoxam plots in the dryland 
field.  On 13, 17, and 24 July, aphid numbers in the untreated dryland field were  
significantly higher than in all neonicotinoid treatments, except for the 
acetamiprid treatment in the dryland field on 24 July.  In addition, these numbers 
of aphids in the untreated dryland field were significantly higher than in the 
untreated irrigation field (Table 27).  
 There were significant differences in levels of infection by N. fresenii 
among treatments and among locations (F=1.80, DF= 18, p<0.0292).  
Significance difference comparisons for aphid numbers in Table 28 are between 
treatments by date.  Significant differences in infection levels among treatments 
occurred on 6, 10, 17, 20, and 24 July. Generally, infection levels were lower in 
the irrigation field than in the dryland field.   On 6 and 20 July, infection levels in 
untreated dryland plots were higher than in other treatments, except for the 
acetamiprid plots in the dryland field.  On 10 and 17 July, infection levels in the 
untreated irrigation field were lower than in the untreated dryland field, but there 
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Table 27. Effect of neonicotinoid insecticides and irrigation on aphid populations (mean±SE)  
(treatments not based on AIL) at Edisto REC, 2002  
 
Numbers of aphids in each irrigation and thiamethoxam treatment (aphids/leaf) 
Irrigation Dryland Date 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
6/28 0.00±0.00b 0.00±0.00b 13.18±6.29a 0.00±0.00b 0.00±0.00b 5.15±3.87a 
7/3 1.49±0.82 3.30±1.71 5.70±6.42 8.85±6.55 4.92±5.39 5.04±3.88 
7/6 1.99±1.89b 3.63±2.68ab 14.00±14.49a 2.17±0.41ab 1.69±0.57b 4.80±2.97ab 
7/10 1.98±1.26bc 1.37±0.42c 17.79±25.21a 8.24±3.65ab 6.59±3.39abc 13.49±9.48a 
7/13 1.96±0.60b 1.89±1.12b 2.81±1.66b 5.50±2.62b 5.31±0.99b 32.07±28.82a
7/17 0.95±0.70b 0.88±0.74b 1.18±0.88b 8.90±5.74b 6.56±2.00b 53.38±31.31a
7/20 1.54±0.52 1.66±0.45 2.22±0.84 19.84±10.21 8.68±3.90 25.04±4.01 
7/24 1.97±0.79c 2.79±2.09c 3.20±1.95c 3.88±1.65ab 3.04±1.94bc 6.59±4.05a 
7/27 1.05±0.60 1.58±1.26 1.15±0.61 1.19±0.55 2.04±1.93 2.03±1.07 
7/31 1.43±1.16 0.91±0.55 1.60±1.87 0.13±0.06 0.07±0.07 0.39±0.30 
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Means within a row followed by the same letter are not significantly different p >0.05    
Means without letters in the same row are not significantly different p > 0.05 
 
 
 were no significant differences in infection among insecticide treatments at that 
time.  On 24 July, infection levels in the untreated dryland field were higher than 
in other treatments, except with the thiamethoxam treatment in the dryland field 
(Table 28).  In addition, aphid numbers in the untreated dryland field were 
significantly higher than in the untreated irrigation field.  Fungus development 
stages for all treatments are shown in Figures D-1 to D-4 (Appendices). 
There were significant differences in the percentage of winged aphids in 
aphid populations among treatments and between locations (F=4.26, DF=18, 
p<0.0001). Significance difference comparisons for aphid numbers on Table 29 
are among treatments by date.  Significant differences among treatments were 
observed on 6 to 13 July 6.  On 6 July, winged aphid levels in acetamiprid and 
thiamethoxam plots in the dryland field were higher than in untreated plots and in 
others insecticide treatments in the irrigation field.  Winged aphid populations in 
the acetamiprid plots in the dryland field were significantly higher than in other 
treatments on 10 July, and the same was true for the acetamiprid plots in the 
irrigation field on 13 July.  Numbers of winged aphids in the acetamiprid plots in 
the dryland field were significantly higher than those in acetamiprid and 
thiamethoxam plots in the irrigation field.  These winged aphid numbers were 
also significantly higher than in untreated plots in both fields.  This occurred on 6 
and 10 July in the acetamiprid plots and on 10 July in the thiamethoxam plots.  
Different results occurred on 13 July when the winged aphids in acetamiprid plots 
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 in the irrigation field were higher than in acetamiprid plots the dryland field and 
also higher than in untreated plots in both fields (Table 29).  
There were no significant differences in levels of fungal infection in winged 
aphids between treatments or locations (F=0.92, DF=18, p= 0.5564).  Infection in 
these aphids differed only among dates (F=7.31, DF=9, p<0.0001).  Table 30 
show that fungal infection of winged aphids was first observed on 3 July and 
increased to a peak on 17 July (43.75%). 
Population Dynamics of the Cotton Aphid in Untreated Fields 
Population Dynamics of the Cotton Aphid and its Entomopathogenic Fungus in Bt 
and Conventional Cotton 
 
 Aphid populations differed significantly between cotton varieties and 
between locations in 2002 (F=3.21, DF=9, p=0.0010).  Significance difference 
comparisons for aphid populations on Table 31 are between treatments by date, 
and occurred only on 9, 12, and 23 July.  On 9 and 12July, aphid numbers in  
bollguard Station II were higher than in conventional plots at Station II and in 
bollguard plots at Station I.  Different results occurred on 23 July in Station I, 
when aphid numbers in conventional cotton were higher than in bollguard (Table 
31).  
Levels of fungus infection in cotton aphids were not affected by cotton 
variety, but levels did vary among sampling dates (F=59.94, DF=9, p<0.0001) 
with peak infection occurring on 23 July after which levels declined (Table 32) 
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Table 28. Effect of neonicotinoid insecticides and irrigation on levels of fungus infection in cotton 
aphids (mean±SE) (treatments not based on AIL) at Edisto REC, 2002 
 
% infection by N. fresenii in each irrigation and insecticide treatment 
Irrigation Dryland Date 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
6/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/3 5.21±6.25 9.88±5.10 17.13±5.96 7.08±5.08 10.58±7.70 19.83±17.64 
7/6 14.02±18.54bc 2.86±4.48c 9.01±5.68c 33.06±17.36ab 16.02±5.24b 51.80±14.49a
7/10 12.99±8.97ab 26.92±12.25ab 7.64±3.96b 21.77±7.31ab 29.79±8.31ab 33.84±14.01a
7/13 21.22±9.65 21.28±9.57 27.67±9.63 17.97±8.70 32.63±8.14 25.41±9.56 
7/17 39.58±3.58ab 42.69±9.24ab 18.27±12.21b 48.16±9.72a 44.12±16.26a 45.58±7.08a 
7/20 35.69±5.50b 55.28±14.92b 45.59±9.60b 60.54±17.22ab 55.56±10.05b 84.98±5.25a 
7/24 72.46±8.39bc 55.11±19.28c 73.59±23.09bc 72.22±19.10bc 85.06±9.47ab 97.33±2.33a 
7/27 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/31 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
74
Means within a row followed by the same letter are not significantly different p >0.05 
Means without letters in the same row are not significantly different p > 0.05   
 
 
Table 29. Effect of neonicotinoid insecticides and irrigation on percentage of winged aphids in 
cotton aphid populations (mean±SE) (treatments not based on AIL) at Edisto REC, 2002 
 
% of aphids that were winged in each of the insecticide and irrigation treatments 
Irrigation Dryland Date 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
6/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/3 12.50±25.00 1.79±3.57 0.00±0.00 0.00±0.00 2.82±2.56 4.30±5.97 
7/6 15.37±14.52b 1.50±1.91c 3.71±6.23b 49.20±22.11a 42.22±10.16a 13.45±13.36b
7/10 4.81±6.44c 14.26±14.18bc 2.39±3.57c 87.27±4.85a 28.02±11.63b 10.94±3.59bc
7/13 53.35±21.62a 41.91±11.61ab 12.66±11.11bc 20.71±11.99bc 23.63±4.76abc 7.99±5.04c 
7/17 7.78±9.69 16.46±13.95 8.75±11.81 2.53±1.09 1.44±1.82 1.33±0.90 
7/20 2.89±3.80 8.06±12.68 2.08±4.17 2.23±4.47 0.50±1.00 2.44±1.83 
7/24 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/27 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/31 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
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Significance difference comparisons for means are between treatments by date means within a date. 
Means within a date followed by the same letter are not significantly different p >0.05. 
Means within a date without letters in the same row are not significantly different p > 0.05 
 
Table 30. 
 
Effect of neonicotinoid insecticides, irrigation, and sample date on levels of fungus infection in winged 
aphids (mean±SE) (treatments not based on AIL) at Edisto REC, 2002  
 
% infection by N. fresenii in each  irrigation and insecticide treatment 
Irrigation Dryland Date 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
acetamiprid 
0.025kg/ha 
thiamethoxam 
0.025kg/ha untreated 
average* 
6/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00c 
7/3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 25.00±50.00 3.13±6.25 4.69±20.46bc 
7/6 6.25±12.50 0.00±0.00 0.00±0.00 21.73±27.87 16.31±11.98 0.00±0.00 7.38±14.79bc 
7/10 0.00±0.00 50.00±57.74 25.00±50.00 15.20±8.39 14.24±13.90 25.63±13.15 21.68±32.57ab 
7/13 24.82±22.51 31.59±21.84 8.33±16.67 25.94±18.67 43.75±26.689 8.33±16.67 23.79±22.46ab 
7/17 25.00±50.00 75.00±50.00 12.50±25.00 75.00±50.00 50.00±57.74 25.00±50.00 43.75±49.59a 
7/20 50.00±57.74 25.00±50.00 25.00±50.00 20.00±40.00 0.00±0.00 37.50±47.87 26.25±42.92ab 
7/24 0.00±0.00 50.00±57.74 0.00±0.00 0.00±0.00 25.00±50.00 0.00±0.00 12.50±33.78bc 
7/27 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00c 
7/31 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00c 
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*Means within a column followed by the same letter are not significantly different p >0.05 
 
 
 
Table 31. Cotton aphid populations  (mean±SE) in bollguard and 
conventional cotton in 2002  
 
Numbers of aphids in cotton variety (aphids/leaf) 
Station I Station II Date 
Bollguard Conventional Bollguard Conventional 
6/28 4.36±7.04 5.17±5.93 1.92±2.34 1.63±2.35 
7/2 5.39±6.88 4.68±3.43 6.14±6.70 1.55±1.10 
7/5 5.90±7.58 9.88±14.29 15.39±22.10 5.06±8.62 
7/9 2.53±1.39b 11.93±14.30ab 24.38±47.05a 2.24±3.87b 
7/12 2.98±1.67ab 11.92±15.29ab 15.46±21.15a 1.40±2.04b 
7/16 2.53±1.11 7.89±3.95 9.27±12.76 2.65±0.93 
17/9 0.84±0.34 7.96±3.73 3.75±5.32 3.11±1.11 
7/23 0.17±0.15b 4.24±1.30a 1.10±1.84ab 3.02±0.56ab 
7/26 0.15±0.23 1.99±0.95 0.49±0.52 3.05±0.77 
  7/30 0.00±0.00 0.39±0.43 0.22±0.40 0.64±0.21 
Means within a date followed by the same letter are not significantly  
different p >0.05.  Means within a date without letters in the same row are  
not significantly different p > 0.05 
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Table 32. Levels of fungus infection (mean±SE) in the cotton aphid in 
bollguard and conventional cotton plots on different sample 
dates, 2002  
 
% infection by N. fresenii in cotton variety 
Cotton variety 
Date 
Bollguard Conventional 
Average* 
6/28 0.00±0.00 0.00±0.00 0.00±0.00b 
7/2 29.96±18.53 27.53±2.86 28.74±10.92b 
7/5 28.42±3.20 27.27±3.97 27.84±3.02b 
7/9 49.67±22.03 31.1±712.23 40.42±18.05b 
7/12 47.17±2.23 32.5±84.73 39.87±8.95b 
7/16 45.36±1.53 41.37±3.29 43.36±3.11b 
7/19 45.63±8.55 25.36±6.71 35.49±13.28b 
7/23 77.08±8.84 64.73±12.84 70.91±11.48a 
7/26 46.18±7.92 35.71±2.03 40.95±7.67b 
7/30 0.00±0.00 0.00±0.00 0.00±0.00b 
*Means within a column followed by the same letter are not significantly  
different p >0.05.  
 
 
 
 
 
 
 
 78
Percentages of winged aphids were only different between sampling dates 
(F3.25, DF=9, p=0.0159). Winged aphid levels were higher on 2, 5 and 12 July 
than on other dates (Table 33).   
 
 
  
Table 33. Percentage of winged aphids (mean±SE) in cotton aphid 
populations  in bollguard and conventional cotton on 
different sample dates in 2002  
 
% of aphids that were winged in each cotton variety 
Cotton variety 
Date 
Bollguard Conventional 
Average* 
6/28 0.00±0.00 0.00±0.00 0.00±0.00b 
7/2 6.72±1.63 6.72±0.93 6.72±1.09a 
7/5 8.98±1.98 7.45±4.94 8.22±3.19a 
7/9 4.42±0.18 5.45±1.22 4.93a±0.93b 
7/12 12.66±7.76 9.40±7.30 11.03±6.43a 
7/16 2.85±1.87 2.32±0.49 2.59±1.16ab 
7/19 0.42±0.59 2.47±0.25 1.44±1.24ab 
7/23 0.841.18 0.40±0.56 0.62±0.80ab 
7/26 0.00±00 0.00±0.00 0.00±0.00b 
7/30 0.00±00 0.00±0.00 0.00±0.00b 
*Means within a column followed by the same letter are not significantly  
different p >0.05.  
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Fungus-infected winged aphids were not affected by cotton variety and 
sampling dates (F=2.08, DF=21, p=0.0612). Infection occurred for the first time 
on July 2 and peak infection occurred on July 16 (Table 34). 
 
 
 
Table 34. Levels of fungus infection in winged cotton aphids 
(mean±SE) in bollguard and conventional cotton in 2002  
 
% infection by N. fresenii in cotton variety  
Cotton variety 
Date 
Bollguard Conventional 
Average 
6/28 0.00±0.00 0.00±0.00 0.00±0.00 
7/2 9.38±13.26 0.00±0.00 4.69±9.38 
7/5 3.71±5.24 3.57±5.05 3.64±4.20 
7/9 32.50±10.61 8.34±11.79 20.42±16.69 
7/12 14.66±13.66 19.55±14.79 17.10±11.96 
7/16 48.22±32.83 60.00±0.00 54.11±20.14 
7/19 50.00±70.71 33.33±0.00 41.67±41.94 
7/23 50.00±70.71 50.00±70.71 50.00±57.74 
7/26 0.00±0.00 0.00±0.00 0.00±0.00 
7/30 0.0±00.00 0.00±0.00 0.00±0.00 
Means without letters in the same row are not significantly different p>0.05 
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Population Dynamics of the Cotton Aphid and its Fungus in Untreated Fields 
 
 Aphid populations and fungus infection in aphids were observed at 
Clemson University EREC in 2004 and 2005.  In 2004, population levels and 
levels of fungus infection in aphids differed significantly between location and 
sampling dates (F=2.24, DF=22, p=0.0071 and F=2.24, DF=22, p=0.0071, 
respectively).  Significance difference comparisons for aphid numbers on Table 
35 are between treatments by date which only occurred on the last two sampling 
dates.  On 2 August, the Middle Irrigation Field had aphid numbers higher than at 
other locations.  On 6 August, aphid numbers in the Side Pear Tree Field were 
lower than in The Middle Irrigation Field (Table 35).   
Levels of fungus infection in cotton aphids differed between locations and 
sampling dates.  Although infection levels were higher in all locations in the 
beginning of the season, there were no significant differences between locations. 
Infection levels were different between fields on only the last two sampling dates.  
On 2 and 6 August, the highest infection occurred in the Middle Irrigation (Table 
36). 
Lacewing populations were not different between locations on all sampling 
dates (F=0.90, D=41, p=0.6337).  Numbers of this insect were very low in all 
fields with the highest numbers occurring on July 16 (0.03/leaf) in the Pear Tree 
Field (Table 37). 
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Table 35. Cotton aphid population levels (mean±SE) at Edisto REC in 
2004  
 
Numbers of cotton aphids in each location (aphids/leaf) 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 10.00±6.31 12.07±3.88 1.50±0.43 1.13±0.61 
7/13 3.66±1.54 6.47±1.03 1.93±0.64 2.50±0.89 
7/16 2.36±0.42 5.39±1.94 2.28±1.35 0.74±0.34 
7/20 1.51±0.14 3.46±1.33 0.92±0.15 0.43±0.09 
7/23 n/a n/a 0.57±0.35 0.44±0.17 
7/27 2.23±1.44 4.42±2.03 0.78±0.31 0.65±0.37 
7/30 0.88±0.39 1.56±0.36 0.67±0.38 0.44±0.34 
8/2 0.46±0.11ab 2.07±0.96a 0.38±0.27b 0.22±0.13b 
8/6 1.35±0.75ab 4.42±1.65a 0.28±0.09ab 0.21±0.08b 
Means within a date followed by the same letter are not significantly  
different p >0.05.  Means within a date without letters in the same row  
are not significantly different p > 0.05 
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Table 36. Levels of fungus infection in cotton aphids (mean±SE) at Edisto 
REC, 2004  
 
% infection by N. fresenii in each location 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 38.49±12.62 38.49±12.62 68.33±23.63 52.69±16.06
7/13 59.00±22.31 78.24±13.65 62.62±10.05 51.11±18.36
7/16 34.58±5.55 59.57±11.87 43.75±11.60 52.50±42.06
7/20 33.10±4.4 41.53±8.34 35.55±3.85 66.66±33.34
7/23 n/a n/a 42.78±37.50 68.25±33.45
7/27 22.37±11.58 56.82±13.21 12.96±11.56 41.67±38.19
7/30 42.70±27.29 61.05±18.33 7.78±8.39 33.33±33.33
8/2 61.90±20.62a 36.90±9.21b 11.11±19.24b 0.00±0.00b 
8/6 0.00±0.00b 40.74±23.13a 0.00±0.00b 0.00±0.00ab
Means within a date followed by the same letter are not significantly  
different p >0.05.  Means within a date without letters in the same row are  
not significantly different p > 0.05 
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Table 37. Lacewing populations (mean±SE) at Edisto REC in 2004  
 
Numbers of lacewings in each location (numbers/leaf) 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
7/13 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
7/16 0.000±0.000 0.000±0.000 0.027±0.46 0.013±0.023
7/20 0.000±0.000 0.000±0.000 0.013±0.023 0.000±0.000
7/23 0.000±0.000 0.000±0.000 0.000±0.000 0.013±0.023
7/27 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
7/30 0.000±0.000 0.000±0.000 0.013±0.023 0.000±0.000
8/2 0.000±0.000 0.027±0.023 0.013±0.023 0.000±0.000
8/6 0.013±0.023 0.000±0.000 0.013±0.023 0.000±0.000
Means without letters in the same row are not significantly different p>0.05 
 
 
 
 
Numbers of coccinellids were significantly different among locations and 
among sampling dates (F=1.92, DF=22, p=0.0245).  However, only on 9 July, 
coccinellid populations were different between locations.  Highest numbers of this 
insect occurred in the Middle Irrigation Field and these were significantly higher 
than in the Side Pear Tree Field (Table 38). 
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Table 38. Coccinellid populations (mean±SE) at Edisto REC in 2004  
 
Numbers of coccinellids in each location (numbers/leaf) 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 0.0400±0.0400a 0.0533±0.0231a 0.0167±0.0289ab 0.0000±0.0000b
7/13 0.0133±0.0231 0.0000±0.0000 0.0000±0.0000 0.0267±0.0231 
7/16 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/20 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/23 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
7/27 0.0267±0.0231 0.0133±0.0231 0.0000±0.0000 0.0000±0.0000 
7/30 0.0133±0.0231 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/2 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/6 0.0000±0.0000 0.0133±0.0231 0.0000±0.0000 0.0000±0.0000 
Means within a date followed by the same letter are not significantly different p 
>0.05.  Means within a date without letters in the same row are not significantly 
different p>0.05 
 
 
 
 
There were no significant differences in winged aphid populations and 
fungus-infected winged aphids between locations and between dates of sampling 
(F=0.90, DF=41, p=0.6337 and F=0.99, DF=41, p=0.5014 respectively).  Data 
are shown in Tables 39 and 40.  
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Table 39. Percentage of winged aphids in cotton aphid populations 
(mean±SE) at Edisto REC in 2004  
 
% of aphids that were winged in each of location 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 0.95±1.26 1.02±1.04 0.00±0.00 0.00±0.00 
7/13 22.68±0.50 16.17±3.18 28.32±7.56 9.77±6.08 
7/16 2.35±0.87 0.55±0.96 2.76±2.71 2.78±4.81 
7/20 12.48±14.74 6.25±4.08 1.59±2.75 3.03±5.05 
7/23 n/a n/a 0.00±0.00 5.13±8.88 
7/27 66.67±16.67 77.78±24.06 41.67±8.34 33.33±16.67
7/30 0.00±0.00 1.69±1.52 0.00±0.00 16.67±28.87
8/2 31.48±17.64 52.78±12.73 16.67±0.00 22.22±9.62 
8/6 4.44±4.19 2.47±1.67 16.67±28.87 0.00±0.00 
Means either in row or column without letters are not significantly different  
p>0.05 
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Table 40. Levels of fungus infection in winged cotton aphids (mean±SE) 
at Edisto REC in 2004  
 
%  infection by N. freseni in each location 
Date 
Sandy Curve Middle Irrigation Pear Tree Side PT 
7/9 41.67±52.04 50.00±50.00 66.67±57.74 33.33±57.74 
7/13 61.75±24.63 84.65±13.44 72.38±12.46 83.33±16.67 
7/16 88.89±19.24 66.67±57.74 33.33±57.74 0.00±0.00 
7/20 57.74 22.22±38.49 66.67±57.74 33.33±57.74 
7/23 n/a n/a 33.33±57.74 33.33±57.74 
7/27 0.00±0.00 66.67±57.74 33.33±57.74 33.33±57.74 
7/30 0.00±0.00 100.00±0.00 0.00±0.00 33.33±57.74 
8/2 33.33±57.74 66.67±57.74 0.00±0.00 0.00±0.00 
8/6 0.00±0.00 33.33±57.74 0.00±0.00 0.00±0.00 
Means either in row or column without letters are not significantly  
different p > 0.05 
 
 
 
In 2005, different locations and date of sampling had different numbers of 
cotton aphids (F2.88, DF=29, p=0.0001).  On 14, July cotton aphids in three 
locations at Edisto REC were lower than in the field outside of Edisto REC (Hilda  
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Field) (Table 41).  This field belonged to a farmer and was located 3-4 km from 
Blackville, SC. Significant differences also occurred on 11, 15, and 22 July when 
aphid populations were higher in the Hilda Field than in other locations. 
 
 
 
Table 41. Cotton aphid  population levels (mean±SE) at Edisto REC in 
2005  
 
Numbers of aphids in each location (aphids/leaf) 
Date 
8 Rows Field Dryland Pear Tree Hilda  
7/14 6.07±7.02c 15.55±14.34abc 6.31±4.18bc 20.60±1.44a 
7/19 0.75±0.26 2.73±2.22 1.05±0.41 3.46±1.81 
7/22 0.40±0.15 1.64±1.38 0.82±0.16 1.07±0.54 
7/25 1.12±0.52 1.66±1.00 0.67±0.68 1.81±1.58 
7/28 1.73±0.63 1.73±0.89 0.18±0.10 2.45±1.35 
8/1 4.53±2.22 2.92±1.38 0.70±0.18 3.90±2.02 
8/4 2.98±0.63 2.79±0.99 0.00±0.00 6.87±6.74 
8/8 1.93±1.30 4.40±0.91 0.93±0.77 5.83±3.35 
8/11 3.72±1.28b 4.29±1.86ab 1.97±1.41ab 10.08±4.37a 
8/15 0.93±0.08b 4.24±0.55ab 0.00±0.00b 10.83±2.92a 
8/18 0.53±0.53 3.19±1.93 0.00±0.00 5.62±2.33 
8/22 0.25±0.09b 0.55±0.27b 0.00±0.00b 13.70±6.37a 
Means within a date followed by the same letter are not significantly  
different p > 0.05.  Means within a date without letters are not significantly 
different p > 0.05 
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There were significant differences in levels of fungus-infected aphids 
between locations during the cotton season in 2005 (F=48.99, DF=3, p=0.0001).  
Generally, infection levels were lower in the Edisto REC fields than in the farmer 
field (Table 42). 
 
 
 
Table 42. Levels of fungus infection in cotton aphids (mean±SE) at Edisto 
REC in 2005 
 
% infection by N. fresenii in each location 
Date 
8 Rows Field Dryland Pear Tree Blackville 
7/14 9.72±16.84 30.09±7.77 50.08±17.21 79.41±6.30 
7/19 13.33±23.09 67.55±23.94 44.45±9.62 65.03±28 
7/22 15.08±14.35 33.58±30.04 47.17±12.08 72.22±25.46 
7/25 27.22±11.82 49.45±22.38 19.84±21.61 67.92±17.79 
7/28 17.17±16.69 40.28±8.67 16.67±28.87 65.71±12.45 
8/1 37.23±18.15 32.25±16.22 27.31±16.10 70.70±1.27 
8/4 38.83±15.57 37.65±8.66 0.00±0.00 67.13±3.24 
8/8 46.67±22.19 48.95±28.94 66.67±28.87 65.29±18.01 
8/11 51.87±19.05 22.79±16.41 29.09±10.12 65.68±12.26 
8/15 58.47±12.21 40.95±19.70 0.00±0.00 50.42±11.38 
8/18 41.67±52.04 40.51±6.22 0.00±0.00 55.67±1.68 
8/22 0.00±0.00 46.67±50.33 0.00±0.00 57.91±2.68 
average* 29.77±25.58b 38.65±21.96b 37.66±13.96b 65.26±12.67a 
Means within a date followed by the same letter are not significantly different  
p > 0.05.  Means within a date without letters are not significantly different  
p> 0.05 
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 There were significant differences in numbers of mummified aphids 
between locations and between sampling dates (F=2.09, DF=29, p=0.0052).  
Mummified aphids were present in the farmer field on the last three sampling 
dates, 15, 18, and 22 August (Table 43). 
 
 
 
Table 43. Cotton aphid mummification (mean±SE) at Edisto REC 
in 2005 (%) 
 
% Mummified aphid in each location 
Date 
8 Rows Field Dryland Pear Tree Hilda  
7/14 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/19 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/4 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/8 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/11 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/15 0.00±0.00b 0.00±0.00b 0.00±0.00b 1.50±1.52a 
8/18 0.00±0.00b 0.00±0.00b 0.00±0.00b 1.51±1.36a 
8/22 0.00±0.00b 0.00±0.00b 0.00±0.00b 1.54±2.66a 
Means within a date followed by the same letter are not significantly different  
p > 0.05.  Means within a date without letters are not significantly different p > 
0.05 
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There were significant differences in lacewing and coccinellid populations 
among locations and among sampling dates (F=1.12, DF=51, p=0.3257a nd 
F=1.35, DF=51, p=0.01157, respectively).  Data for those results are shown in 
Tables 44 and 45.  Numbers of these two natural enemies were very low 
throughout the season.  
 
 
 
Table 44. Lacewing populations (mean±SE) at Edisto REC in 
2005  
 
Numbers of lacewing in each location (/leaf) 
Date 
8 Rows Field Dryland Pear Tree Hilda  
7/14 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/19 0.00±0.00 0.00±0.00 0.00±0.00 0.02±0.03 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/25 0.00±0.00 0.00±0.00 0.03±0.06 0.00±0.00 
7/28 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/1 0.00±0.00 0.02±0.03 0.08±0.08 0.00±0.00 
8/4 0.00±0.00 0.04±0.08 0.00±0.00 0.02±0.03 
8/8 0.00±0.00 0.00±0.00 0.02±0.03 0.00±0.00 
8/11 0.070±0.12 0.00±0.00 0.00±0.00 0.00±0.00 
8/15 0.03±0.03 0.00±0.00 0.00±0.00 0.00±0.00 
8/18 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
8/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
Means either in row or column without letters are not significantly  
different p > 0.05 
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Table 45. Coccinellid populations (mean±SE)  at Edisto REC in 2005  
 
Numbers of coccinellids in each location (/leaf) 
Date 
8 Rows Field Dryland Pear Tree Hilda  
7/14 0.0233±0.0404 0.0233±0.0404 0.0000±0.0000 0.0000±0.0000 
7/19 0.0333±0.0577 0.0200±0.0346 0.5500±0.0997 0.0200±0.0346 
7/22 0.0500±0.0866 0.0000±0.0000 0.0167±0.0289 0.0467±0.0404 
7/25 0.0000±0.0000 0.0233±0.004 0.0000±0.0000 0.0000±0.0000 
7/28 0.0000±0.0000 0.0200±0.0346 0.0000±0.0000 0.0000±0.0000 
8/1 0.0000±0.0000 0.0200±0.0346 0.0167±0.0289 0.0000±0.0000 
8/4 0.0333±0.0577 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/8 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/11 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/15 0.0167±0.0289 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
8/18 0.0333±0.0289 0.0233±0.0404 0.0000±0.0000 0.0000±0.0000 
8/22 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 0.0000±0.0000 
Means either in row or column without letters are not significantly different p>0.05 
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There were no difference in winged aphid populations between locations 
and between dates of sampling (F=1.09, DF=51, p=0.3556).  The peak  
populations of these aphids occurred on 11 August in the Pear Tree Field, 
18 August in the Dryland Field, and 22 August in the 8 Rows Field.  Populations 
peaked twice in the Hilda Field, 22 July and 15 August (Table 46). 
  
 
 
Table 46. Percentage of winged aphids in cotton aphid populations  
(mean±SE) at Edisto REC in 2005  
 
% of aphids that were winged in each of the location 
Date 
8 Rows Field Dryland Pear Tree Hilda  
7/14 0.00±0.00 1.46±2.53 0.00±0.00 0.00±0.00 
7/19 3.70±6.41 0.41±0.70 1.75±3.04 0.06±0.11 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 8.70±15.06 
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 
7/28 1.11±1.92 0.00±0.00 0.00±0.00 1.11±1.92 
8/1 0.00±0.00 0.00±0.00 3.52±3.06 1.39±2.40 
8/4 0.00±0.00 0.00±0.00 5.00±3.99 0.00±0.00 
8/8 0.00±0.00 0.00±0.00 0.00±0.00 1.11±1.11 
8/11 0.00±0.00 0.00±0.00 6.26±9.66 0.00±0.00 
8/15 0.00±0.00 0.00±0.00 0.00±0.00 1.96±1.54 
8/18 4.17±7.22 0.00±0.00 0.00±0.00 0.00±0.00 
8/22 4.76±8.25 0.00±0.00 0.00±0.00 0.98±0.46 
Means either in row or column without letters are not significantly  
different p > 0.05 
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Fungus-infected winged aphids did not differ between locations, but varied 
considerably between sampling dates (F=2.70, DF=11, p=0.0053).  Infection 
peaked on three dates, July 19, August 4 and August 11 (Table 47). 
 
 
 
Table 47. Levels of fungus infection in winged cotton aphids on different sample 
dates (mean±SE) at Edisto REC in 2005 
 
% infection by N. fresenii in each location 
Date 
8 Rows Field Dryland Pear Tree Hilda  
Average* 
7/14 0.00±0.00 44.45±50.92 66.67±57.74 0.00±0.00 27.78±33.33ab
7/19 33.33±57.74 33.33±57.74 66.67±57.74 66.67±57.74 50.00±19.25a 
7/22 0.00±0.00 0.00±0.00 0.00±0.00 33.33±57.74 8.33±16.67b 
7/25 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00b 
7/28 0.00±0.00 0.00±0.00 0.00±0.00 66.67±57.74 16.67±33.33ab
8/1 0.00±0.00 0.00±0.00 0.00±0.00 22.22± 5.56±19.25b 
8/4 0.00±0.00 33.33±57.74 0.00±0.00 93.33±11.55 42.22±47.30ab
8/8 0.00±0.00 0.00±0.00 0.00±0.00 33.33±57.74 8.33±16.67b 
8/11 33.33±57.74 0.00±0.00 26.67±46.19 88.89±19.25 37.22±37.33ab
8/15 0.00±0.00 0.00±0.00 0.00±0.00 50.00±50.00 16.67±28.87b 
8/18 33.33±57.74 33.33±57.74 0.00±0.00 0.00±0.00 22.22±19.25ab
8/22 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00b 
*Means within a column followed by the same letter are not significantly different p > 
0.05 
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 DISCUSSION 
 
 
 Results from studies conducted in 2001 indicated that a broad-spectrum 
insecticide, acephate, could lead to increases in cotton aphid numbers in the 
field.   Data from 2001 show that numbers of cotton aphids in insecticide-treated 
plots were greater than in untreated plots in both Bt and conventional cotton.  
The highest numbers of aphids occurred in early season.  Godfrey et al. (2001) 
also reported that using insecticides such as synthetic pyrethroids to control 
other arthropod pests can enhance the build-up of cotton aphid populations in 
California.   
 Increases in aphid populations in insecticide treated plots are usually 
caused by two main factors.  First, these broad-spectrum insecticides kill 
everything including predators and other beneficial insects in the field. Second, 
some insecticides have been shown to promote cotton aphid reproduction.  
Hagerty et al. (2000) reported that broad-spectrum insecticides such as acephate 
which were sprayed early in the season to conventional or Bt cotton disrupted 
predators such as geocorids, ants, and spiders.  These are important aphid 
natural enemies and their disruption was responsible for aphid resurgence.  
Another study reported that insecticides were involved in stimulation of aphid 
reproduction. Sulprofos may have contributed indirectly to aphid outbreaks by 
changing the plant in a way that made it better suited to the aphid nutritional 
requirements (Kern and Gaylor 1993a,b).  However, Kern and Stewart (2000) 
reported that the stimulation of plant growth by the insecticides bifenthrin, 
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 acephate, and carbofuran probably did not play a role in cotton aphid 
reproduction. 
 Aphids have a tremendous capacity for reproduction and increase in 
population.  Karley et al. (2004) reported that in the summer, morphs which can 
reproduce parthenogeneticaly and viviparously, can double a population in just 3 
days.  The results of my study showed that aphid populations were higher in 
insecticide-treatment plots in the beginning of season. Again, disrupting natural 
enemies by the broad spectrum insecticide, acephate, caused aphid populations 
to increase.  In the mid season, the aphid populations started to decline.   Karley 
et al. (2004) reported that the ecological factors causing population reduction 
include a decline in plant nutritional quality and increased natural enemies.  
 The majority of insecticides used for control of insect pests, especially H. 
armigera in conventional cotton fields, can cause population densities of the 
cotton aphid to become significantly higher in insecticide-treated plots.  Data in 
my study conducted in 2001 showed that λ-cyhalothrin, indoxacarb, and 
spinosad were not effective against the cotton aphid.  Those insecticides also did 
not affect the aphid fungus, N. fresenii, or numbers of lacewings or coccinellids. 
My data showed that the natural enemies, especially the fungus and lacewings 
were high in July in both treated and untreated plots. 
 Field studies have demonstrated adverse effects of λ-cyhalothrin on 
various beneficial arthropods, including predatory heteropterans, although in 
some cases, negative effects on field populations of natural enemies were 
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 transient (Cole et al.1997; Stewart et al. 2001).  Sullivan et al. (1999) reported 
that the insecticides pyrrole, spinosym, avermectin, and oxadiazine were 
effective against cotton secondary pests such as beet armyworm and fall 
armyworm. 
 Results from my study with Bt and conventional cotton showed that cotton 
varieties had varied and inconsistent affects on cotton aphid populations.  The 
study in 2001 indicated that numbers of aphids were higher in Bollguard II 
(DP985) than in Bollguard I (DP 50B) and conventional cotton (DP50).  However, 
the study in 2002 showed that cotton variety alone did not appear to have an 
effect on aphid populations.  Instead, it appeared that cotton aphid populations 
were dependent on a variety of factors including location and insecticide 
treatment as well as cotton variety.  Also, there was no evidence that cotton 
variety had any detrimental effect on the aphid fungus or on other natural 
enemies.  Hagerty et al. (2005) also reported that natural enemies were not 
affected by insecticide treatments early in the season in 2001 and 2002.  They 
also reported that coccinellid and heteropteran populations were higher in Bt 
cotton than in conventional cotton. 
 Hardee et al. (2001) reported that Bt cotton had minimal or no effect on 
beneficial insects, including honey bees, lady beetles, spiders, big-eyed bugs, 
pirate bugs, and parasitic wasps.  My study showed that natural enemies of the 
cotton aphid including lacewings, coccinellids, and aphid parasitoids were not 
affected by cotton varieties.  
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  Result of my study in 2002 also showed that neonicotinoid insecticides 
were effective against the cotton aphid in both dryland and irrigated cotton.  
Holloway and Forrester (1999) reported that neonicotinoid insecticides such 
imidacloprid and acetamiprid were effective against sucking pests including 
aphids, whiteflies, and mirids.   My study showed that treatment with 
neonicotinoid insecticides such as acetamiprid and imidacloprid resulted in lower 
levels of fungal infection in aphids than in untreated plots.  This low infection also 
occurred in dicrotophos plots.  Dicrotophos did not provide adequate control of 
cotton aphids.   Result of my study showed that numbers of cotton aphids in 
samples in dicrotophos and untreated plots were higher than neonicotinoid-
treated plots.   Earnest et al. (2000) also reported that dicrotophos provided poor 
control of cotton aphids in 1999 compared with early years.  However, in my 
study, high aphid infection only occurred in untreated plots. A negative 
correlation between aphid populations and fungus infected aphids in dicrotophos 
plots may indicate that dicrotophos is disrupting the fungus.  Although 
imidacloprid effectively reduced aphid populations in the 2002 study, aphids 
continued to increase in treated and untreated plots until the populations crashed 
in all plots following a fungus epizootics that began in early July.  The same 
results also were also reported by Teague et al. (2000).  After an initial decline 
due to imidacloprid treatments, cotton aphids continued to increase in 
imidacloprid treated and untreated plots until the populations crashed in all plots 
following fungus epizootics that began in early July. 
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  There was no evidence that natural enemies such as lacewings, 
coccinellids, and parasitoids were affected by broad-spectrum insecticides or by 
neonicotinoid insecticides.  Populations of these natural enemies generally were 
low in all fields.  This indicates that the entomophthorales fungus, N. fresenii, was 
the most important natural regulating agent for the cotton aphid in South 
Carolina. Results of my study showed that the cotton aphid always disappeared 
from the field within approximately two weeks after N. fresenii was first observed 
in the field.  Steinkraus et al. (1995) mentioned that even though predator 
populations were low, the cotton aphid could be controlled by this one natural 
enemy, N. fresenii.  Conway et al. (2003) stated that when natural enemies such 
as predators and the fungus, N. fresenii are considered in the treatment decision 
process, the initial insecticide application can usually be delayed and the number 
of insecticide applications per season can be reduced.  Peterson and Sprenkel 
(1999) also reported that beneficial arthropods can reduce numbers of heliothine 
eggs, as well as secondary pests such as fall armyworm, soybean looper, and 
cotton aphids  
 Irrigation management and cotton variety have been shown to be 
important factors in management of the cotton pests, Lygus Hesperus (Munk and 
Goodell 2002) and fleahopper, and in enhacing populations of predaceous bugs, 
and green lacewings (Bommireddy et al. 2003).  My study showed that cotton 
variety did not significantly affect aphid populations, levels of fungus-infected 
aphids, or predators.  In 2002, Irrigation did have an effect on aphid populations, 
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 fungus-infected aphids, and winged aphid populations, but this effect was not 
consistent throughout the season.  However, in 2003, numbers of aphids, 
fungus-infected aphids and mummified aphids were higher in dryland than in 
irrigation plots. 
 Population dynamics studies conducted from 2001 through 2005 at Edisto 
REC showed that cotton aphid populations always appeared in the field at the 
same time every year.  Fortunately, its natural enemies such as N. fresenii, 
predators, and parasitoids always kept the aphid populations in check.  At the 
end of the sampling period every year, there were always cotton aphids infected 
with resting spores.   This means that this fungus is well established in all the 
cotton fields and survives from one year to the next in this resistant stage. 
 100
 SUMMARY AND CONCLUSIONS 
 
 
 In this study, I examined a number of cultural and management practices 
used in cotton to determine their effects on cotton aphid populations, the cotton 
aphid pathogen, Neozygites fresenii, and other natural enemies of the cotton 
aphid.  I found evidence that the broad spectrum insecticide, acephate, caused 
aphid numbers, fungus infection, and aphid parasitism to be higher in treated 
plots than in untreated plots.   During the sampling period, lacewing and 
coccinellid numbers were not affected by acephate treatments and there was no 
relationship between aphid population levels and numbers of these predators.   
 I also tested insecticides commonly used to control bollworms and other 
lepidopterous pests.  These included emamectin benzoate, λ–cyhalothrin, 
indoxacarb and spinosad.  Two of these materials (emamectin benzoate and 
spinosad) caused reductions in aphid numbers, but none of these materials had 
any effect on N. fresenii or other natural enemies.  
 I  tested three neonicotinoid insecticides and dicrotophos for their ability to 
reduce aphid numbers and their effect on natural enemies.  Aphid numbers in 
dicrotophos plots and untreated plots were higher than in all neonicotinoid 
treated plots.  Apparently, dicrotophos, previously the insecticide of choice for the 
cotton aphid, is no longer effective against this pest.  Of the three neonicotinoid 
insecticides, imidacloprid was the least effective in reducing aphid numbers. 
Fungus infection in thiamethoxam, dicrotophos, and untreated plots was higher 
than in acetamiprid and imidacloprid plots.  In most of my insecticide studies, 
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 fungus infection levels were influenced most by aphid population levels, with 
higher infection levels in plots with higher aphid numbers.  I observed an 
exception to this in thiomethoxam treated plots.  Aphid numbers were low in 
these plots, but infection levels were high.  It may be that this insecticide is 
causing aphids to be more susceptible to N. fresenii.  I also observed a delay in 
the development of the fungal epizootic in dicrotophos plots which may indicate 
inhibition of the fungus by this insecticide.  Further tests are needed to determine 
if either of these insecticides has a direct effect on the ability of this fungus to 
infect cotton aphids.  
 I also tested neonicotinoid insecticides to determine of an economic injury 
level could be determined for the cotton aphid.  Treatments included early 
application, application after 30% of the plants were infested, and application 
after 90% infestation.  Aphid numbers in all neonicotinoid treated plots were 
lower than in untreated plots and there was no difference in aphid numbers 
among any of the neonicotinoid treatments  This indicates that if growers wait 
until 90% of the cotton plants are infested, they can still achieve adequate control 
of the cotton aphid.  Fungus infection levels in all neonicotinoid treated plots were 
lower than in untreated plots.  This was probably due to lower aphid numbers in 
treated plots.  These tests were run in both irrigated and dryland fields.  Fungus 
infection levels in irrigated fields were not different from those in dryland fields.    
 Two of my studies (broad spectrum insecticide, first trial and the 
population dynamics study in 2002) were conducted using both Bt and 
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 conventional cotton.  In the insecticide study, aphid numbers were higher in the 
Bt cotton varieties (Bollguard I and Bollguard II) than in the conventional cotton. 
However, there were no differences between cotton varieties in N fresenii 
infection levels, or in numbers of other natural enemies. In the population 
dynamics study, aphid numbers in Bt cotton were not different from those in 
conventional cotton and fungus infection levels were also not different between 
the two cotton varieties. 
 Population dynamics studies conducted from 2001 through 2005 at the 
Edisto Research and Education Center showed that cotton aphid populations 
always appeared in the field at the same time every year (late June) and 
epizootics of N. fresenii always developed several weeks later.  Infection levels 
by this fungus peaked in mid-July and declines in aphid populations were always 
associated with these epizootics.  At the end of the sampling period each year, 
there were always cotton aphids infected with resting spores.  This means that 
this fungus is well established in all cotton fields and survives from one year to 
the next in this resistant stage.  It appears that most of the management 
practices used by cotton farmers do not interfere with the development of these 
fungal epizootics. 
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 Appendix A 
 
Effect of neonicotinoid insecticides and dicrotophos on N.fresenii 
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Fig A-1.  Effect of neonicotinoid insecticides and dicrotophos on N.fresenii       
development stage on 2 July (a) and 5 July (b), 2002 
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Fig A-2.  Effect of neonicotinoid insecticides and dicrotophos on N. fresenii 
development stage on 9 July (a) and 12 July (b), 2002 
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Fig A-3.  Effect of neonicotinoid insecticides and dicrotophos on N. fresenii 
development stage on 16 July (a) and 19 July (b), 2002 
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Fig A-4.  Effect of neonicotinoid insecticides and dicrotophos on N. fresenii 
development stage on 23 July, 2002 
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 Appendix B 
 
Effect of neonicotinoid insecticides and irrigation on N. fresenii development 
stage in 2002 (treatments based on EIL) 
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Fig B-1.  Effect of neonicotinoid insecticides and Irrigation on N. fresenii 
development stage on 3 July (a) and 6 July (b), 2002 (treatments based on AIL) 
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Fig B-2.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 10 July (a) and 13 July (b), 2002 (treatments based  
on AIL) 
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Fig B-3.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 17 July (a) and 20 July (b), 2002 (treatments based  
on AIL) 
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Fig B-4.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 23 July, 2002 (treatments based on AIL) 
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 Appendix C 
 
Effect of neonicotinoid insecticides and irrigation on N. fresenii development 
stage in 2003 
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Fig C-1.  Effect of nicotinoid insecticides and irrigation system on N. fresenii 
development stage in, 2003 based on AIL 
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 Appendix D 
 
Effect of neonicotinoid insecticides and irrigation on N. fresenii development 
stage in 2002 (treatments not based on EIL) 
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Fig D-1.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 3 July (a) and 6 July (b), 2002 (treatments not based on 
AIL) 
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Fig D-2.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 10 July (a) and 13 July (b), 2002 (treatments not based  
on AIL) 
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 Fig D-3.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 17 July (a) and 20 July (b), 2002 (treatments not based  
on AIL) 
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Fig D-4.  Effect of neonicotinoid insecticides and irrigation on N. fresenii 
development stage on 24 July, 2002 (treatments not based on AIL) 
 
 
 117
 Appendix E 
 
N. fresenii development stages in bollguard and conventional cotton at two 
locations in Edisto in 2002 
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Fig E-1.  N. fresenii development stages in bollguard and conventional cotton at 
two locations in Edisto in 2002 (this is from average of 2 locations and 2 cotton 
varieties) 
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 Appendix F 
  N. fresenii development stages at four locations in Edisto REC in 2004 
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 Fig F-1.  N. fresenii development stages at four locations in Edisto REC in 2004 
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  N. fresenii development stages at four locations in Edisto REC in 2005 
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Fig G-1.  N. fresenii development stages at four locations in Edisto REC in 2005 
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